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Diseases and disorders of the temporomandibular joint are commonly encountered 
clinically. This has lead to most temporomandibular research focusing upon the pathologies 
that affect the joint and their proposed aetiologies. Little of this research has been conducted 
on the prehistoric Polynesians. Therefore, this study was developed in order to determine the 
type and pattern of any temporomandibular pathologies in the prehistoric Maori and Moriori 
and to investigate their possible aetiologies. 
For this study a sample of 89 prehistoric Maori and Moriori skulls were used. All 
temporomandibular pathologies were recorded by type, location, and severity. Where 
possible, the ecological and geographical provenance of each individual was recorded and their 
sex and age estimated. This enabled an analysis of whether the prevalence and severity of 
temporomandibular degeneration varied between provenances or sexes, and if the occurrence 
of temporomandibular pathology increased with age. The condition of the dentition was also 
recorded for each individual as the dentition has been implicated in many previous studies to 
be an aetiological factor in temporomandibular degeneration. The dental conditions examined 
include; tooth loss, tooth attrition, inflammation or infection of the alveolar bone, dental caries, 
and fem root planes. Finally, the presence of any congenital or developmental anomalies and 
condylar enthesophytes were recorded in order to investigate if these conditions had any 
relationship to the occurrence of temporomandibular degeneration. 
A high prevalence of temporomandibular degenerative joint disease was found in this 
sample. No primary relationship was seen between age, congenital or developmental 
anomalies, condylar enthesophytes and temporomandibular degeneration. Furthermore, 
despite a high proportion of these individuals having very worn teeth, with consequent 
infection and tooth loss, no primary relationships were found between the selected dental 
conditions and temporomandibular degeneration either. However, a significant association 
was found between the sex of the individual and temporomandibular pathology, with males 
being more frequently and severely affected than the females. This appeared to be due to 
differences in dietary type between the sexes resulting in more severe biomechanical loading in 
the males. It is suggested that the high prevalence of temporomandibular degeneration 
recorded may be caused by excessive biomechanical loading possibly resulting from the diet or 
as a consequence of the Polynesian morphology. Interestingly, over one third of the sample 
had grooving in at least one fossae. It is proposed that this grooving may have either a 
hereditary component, or result from a specific morphological variation that is present in the 
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"The temporomandibular joint is one of the most important yet most poorly 
understood of the many joints in the body" (Shafer et al., 1983: 702). 
Most research on the Temporomandibular Joint (TMJ) focuses on the pathologies that 
affect the joint and their proposed aetiologies. This is because diseases and disorders of the 
TMJ are commonly encountered clinically and are thus a public health problem. The majority 
of this research has been conducted on populations from Australia, Europe, and North 
America. Comparatively little research has been conducted on other populations, particularly 
prehistoric Polynesians like the New Zealand Maori and Moriori. These populations, like all 
Polynesians, have a remarkable genetic and morphological homogeneity (Houghton & Kean, 
1987; Sykes et al., 1995), a distinct cranial morphology (Houghton & Kean, 1987), and well 
documented diet and cultural practices (Buck, 1952; Davidson, 1984; King, 1989). As 
research on TMJ pathologies of the prehistoric Polynesians is rare, this study aims to 
determine the type and pattern of any TMJ pathologies in prehistoric Maori and Moriori and to 
propose aetiologies for these. Possible explanations for any pathologies in this sample 
include; diet, dental health, cultural factors such as industrial use of teeth as tools and the 
affects of culture on diet, and their skeletal morphology. This thesis will examine the impact 
of these variables on the prevalence and severity of TMJ pathology within the prehistoric 
Maori and Moriori. 
1. 1 STRUCTURE, FUNCTION AND PATHOLOGY OF THE TMJ 
To understand the significance of these aetiological factors in the occurrence of TMJ 
pathology in this sample one must first understand the structure and function of the TMJ. 
Without understanding the basics one cannot hope to understand the entire picture. This is 
eloquently summarised by an old adage referred to by Greene (1988: 536): 
"to a little boy who is holding a hammer, everything looks like a nail" 
The TMJ is the part of the stomatognathic (masticatory) system that forms the 
articulation between the mandible and the cranial base. As there are two of these joints, the 
TMJ is classified as a synovial bicondylar joint that contains an articular disc enabling both 
hinge and gliding movements (Johnson & Moore, 1997; McKay et al., 1992; Rees, 1954; 
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Soames, 1995). This small synovial joint has been the subject of extensive studies because of 
its complex design and function with abundant amounts of literature generated on its structure, 
function and pathology. Yet, despite this extensive research, conflicting opinions on its 
structure, function and degeneration still prevail in both the clinical and anthropological 
literature. 
It is generally agreed that the TMJ consists of "the inferior surface of the squamous 
temporal bone - comprising a cranially convex glenoid fossa and an articular eminence more 
anteriorly - and the mandibular condyle" (McKay et al., 1992: 127). Associated with these 
bony structures is an articular disc that divides the joint into superior and inferior 
compartments, a fibrous capsule that encircles the joint and is lined by synovial membrane, 
three ligaments (the lateral temporomandibular, sphenomandibular, and stylomandibular), and 
blood vessels and nerves (Johnson & Moore, 1997; Soames, 1995). Acting upon the joint are 
various muscles (the masseter, temporalis, diagastric, and the medial and lateral pterygoids) 
that attach between the mandible and the cranium to control and regulate jaw movements 
(Johnson & Moore, 1997). 
The gross anatomy and ultrastructure of the TMJ reflects the function of the joint, which 
is primarily mastication, and to a lesser extent communication (Johnson & Moore, 1997). 
During mastication the mandible undergoes the functional movements of depression, 
elevation, protrusion, retrusion and lateral deviation through contraction of the mandibular 
muscles and a combination of hinge and gliding movements at the two TMJ's (Johnson & 
Moore, 1997). As the primary function of the TMJ is mastication, each TMJ is subjected to 
strong repetitive forces that can in time, alter the surface anatomy of the joint to the point of 
being detrimental to its function (Hansson, 1980; Hekneby, 1974; Kopp et al., 1976; Radin, 
1984). This is because the incidence of any constant mechanical overloading of a joint 
exceeding the ability of the soft tissues to regenerate ultimately results in cartilage breakdown 
and thus, pathological changes (Israel et al., 1999). This detrimental joint surface alteration 
has been termed degenerative joint disease, osteoarthritis, degenerative arthritis or arthrosis (de 
Bont et al., 1985a; Richards & Brown, 1981). The term Degenerative Joint Disease (DID) is 
preferable to osteoarthritis as osteoarthritis presumes a diagnosis of a particular condition, 
while DID encompasses all types of degeneration including osteoarthritis. However, DID is 
not the only type of pathology that affects the TMJ as Rheumatoid Arthritis (RA), Infective 







1.1.1 TEMPOROMANDIBULAR DEGENERATIVE JOINT DISEASE 
DID is essentially a non-inflammatory disorder of synovial joints that is characterised 
by the destruction of cartilage and deterioration of the articulating surface layer of bone with 
concurrent changes in the subarticular layer (Kopp et al., 1976). It is the most common 
disease affecting the TMJ and other synovial joints (Waldron, 1991). This is particularly 
apparent in the prevalence of DID in modem countries such as Canada and the United States. 
In both of these countries DID affects one in ten people, and by seventy years of age 85% of 
the population are likely to be affected (Zarb & Carlsson, 1999). However, as Toller (1974) 
notes, DID is difficult to diagnose in the clinical situation as it can remain clinically silent. 
Because of this Blackwood (1963: 320) states that, "It is unlikely, therefore, that any purely 
clinical investigation would give a reliable indication of the true incidence of this disease". In 
support Toller (1974) states that DID is difficult to detect clinically because diagnostic 
techniques for detecting DID, such as radiographs, are not adequate for detecting joint erosion 
(a primary criterion for diagnosing DID skeletally). He also believes that the onset of condylar 
DID symptoms does not always correlate with radiographic appearances. Therefore, the 
actual prevalence of DID within the clinical literature is subject to debate. 
It is evident that Temporomandibular Degenerative Joint Disease (TDID) is not a new 
phenomenon as it has affected the human species for thousands of years. It has been recorded 
in Neanderthals (Brothwell, 1963; Trinkaus, 1983, 1985) and in Homo sapiens in prehistoric 
and historic Australia (Brown, 1965; Griffin et al., 1979; Seward, 1976), Europe (Alpagut, 
1979; Griffin et al., 1979), Sweden (Wedel et al., 1998; Wedel et al., 1978), South Africa 
(Owen et al., 1991), North America (Goldstein, 1957), Hawaii (Pietrusewsky & Douglas, 
1994), Fiji (Visser, 1994a,b), and the Sudan (Sheridan et al., 1991). 
Clinically DID is commonly associated with, or results from, internal joint derangement 
or joint dysfunction (Brooks et al., 1992; Hodges, 1991). Common symptoms include; pain, 
difficulty in jaw opening, and joint sounds (Shafer et al., 1983). Typical clinical signs 
include; joint tenderness, signs of inflammation, crepitus, deviation of chin towards the 
affected side, and limited jaw opening (Shafer et al., 1983), while radiological findings 
include; joint space loss, sclerosis and other bony contour changes, cyst formation, and 
osteophytosis (Kreutziger and Mahan, 1975b). In skeletal studies the presence of DID is 
generally assumed when a combination of two or more of the following are present; pitting of 
the joint surface, osteophytosis, or some kind of bony contour change such as ebumation 






How joint pitting occurs is unknown, but at the present time two predominant theories 
exist. The first of these results in response to the fact that joint surface pitting has been found 
to overlie subchondral cysts (Merbs, 1983; Rogers, 1998; Rogers & Waldron, 1995), which 
implies that perhaps the joint pitting seen in skeletal examinations reflects the opening of these 
cysts at the joint surface. The second theory is that many authors like Meachim & Brooke 
(1984) and Miller et al. (1996) believe that the occurrence of joint pitting is related to the 
occurrence of fibrocartilagenous processes or 'nodes' that commonly extend into the 
subchondral bone at the articular surfaces of individuals with DJD. Osteophytes are bony 
extensions that usually occur around the marginal areas of the joint. They result in response to 
mechanical stimulation and are considered by many authors to be a way of increasing joint 
stability by enlarging the joint surface (Resnick & Niwayama, 1995a; Rogers & Waldron, 
1995). Ebumation or polishing of bone is the only truly diagnostic bony change of DID as it 
only results when the articular cartilage and other soft tissues which prevent grinding between 
the two adjacent bones, are lost (Rogers & Waldron, 1995). It is therefore indicated by a 
number of authors to be one of the most severe forms of bony change in DID (Richards & 
Brown, 1981; Webb, 1995). Houghton (1996: 225) proposes that occasional findings of 
ebumation in a sample "probably indicates that the particular joint has been rather severely 
injured at some time, with lasting damage to the articular cartilage". 
The accurate determination of DID in both the clinical and skeletal situation is difficult. 
This is because some techniques and observations used clinically for the determination of DID 
in joints cannot be applied in osteological studies and vice versa. For example, clinicians are 
able to examine a patient for possible signs and symptoms of the disease such as crepitus Goint 
clicking upon movement) and joint pain. These are factors that are unable to be detected in the 
skeletal situation. Likewise, skeletal determinants of DID such as ebumation and porosity 
cannot be examined in clinical patients. 
Along with the influence of strong repetitive forces on the TMJ as discussed in section 
1.1, a multitude of possible causes of TDID have been proposed. These include; tooth 
attrition, tooth loss, malocclusion, dental caries, inflammation or infection of the alveolar 
bone, morphology and biomechanical loading, dietary or nutritional effects, cultural effects, 
provenance, genetic predisposition, trauma, sex, and age. The reasons for these proposed 
aetiological factors affecting TDID is discussed in detail in section 2.5.1. The general 
consensus is that the causes of both TDID and TMJ dysfunction are multifactorial (Bergman & 
Hansson, 1979; de Bont et al., 1985; Richards, 1988), but the exact factors involved in the 
pathogenesis of TDID are still a matter of debate. For example, Eversole et al. (1985), 
Matsuka et al. (1998), Sheridan et al. (1991), Stokes & Fitzharris (1991), Wedel et al. (1998), 






necessarily affect TDJD, while Sheridan et al. (1991) failed to find a statistically significant 
association between age and TMJ degeneration. Similarly, Kopp et al. (1976), Hodges 
(1991), Oberg et al. (1971), and Widmalm et al. (1994) concluded that sex is not significant in 
TDJD, and Hodges (1991), Wedel et al. (1978), Widmalm et al. (1994), and Visser (1994a,b) 
believe that tooth loss is not important either. The reason why the causes of TDJD are 
multifactorial is discussed in section 2.5.3, while the support for and against the possible 
aetiologies of TDJD highlighted above is addressed in section 2.5.1. 
1.2 TMJ PATHOLOGY IN PREIDSTORIC POLYNESIANS 
As the condition of the dentition is affected by diet or cultural factors, it is necessary to 
be familiar with both the type of diet consumed and the cultural practices of the prehistoric 
Maori and Moriori. The prehistoric Maori foodstuffs included a variety of fauna and flora, the 
latter of which included: femroots; berries; leaves; the roots and pollen of bulrush; the pith of 
tree fems; nuts; cultivated foods (yams, taro, kumara, hue); and several species of Cordyline 
(of which the roots and part of the trunk were eaten) (Best, 1924; Buck, 1952; Buck, 1925; 
Davidson, 1984; Taylor, 1934). The types of fauna consumed included: birds; moa; rats; fish; 
shellfish; eels; sharks; tuatara; grubs; worms; and sometimes even dogs, whales and seals 
(Best, 1924; Buck, 1952; Buck, 1925; Davidson, 1984; Taylor, 1934). Birds and rats were 
preserved in fat, while shellfish, eels, and fish were dried and preserved (Taylor, 1934). 
Food preserved in this manner requires a significant amount of chewing (Buck, 1925), and 
eating seal meat and fibrous vegetation such as pith and plant or tree roots, would have also 
required extensive mastication. This would result in high levels of tooth attrition and 
biomechanical stress on the TMJ. The consumption of sand associated with seafoods such as 
shellfish would also increase tooth attrition levels substantially as sand would act to grind 
down the dentition. 
The diet of the prehistoric Moriori, like the prehistoric Maori included birds, fish, eels, 
vegetation, and rats, but they also consumed large amounts of seals, sea lions, and whales that 
were constantly being washed up on the beaches surrounding the Chatham Islands (King, 
1989). Again, many of these foodstuffs would need substantial amounts of chewing which 
could result in extensive tooth attrition over prolonged periods. Furthermore, from the type of 
foodstuffs consumed and the fact that the Polynesian population studied is prehistoric and 
therefore pre-European contact, the diet of these people could be considered to be low in 
cariogenic or sugar-rich food. Therefore, one would expect the occurrence of dental caries in 
the present sample to be low. 
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Regarding the consumption of fern roots, Buck (1925), Scott (1893), Shawcross 
(1967), Simpson (1981), and Taylor (1963, 1970, 1991) have documented the presence of 
dislocated or heavily worn teeth on the buccal surface around the region of the first molar that 
are unable to occlude with their opposing teeth. These are seen in both Maori and Moriori 
remains. These authors have attributed this to the localised chewing on tough, fibrous fern 
roots in this dental region and has been subsequently termed the 'fern root plane'. An 
examination of the regional occurrences of fern root planes in prehistoric New Zealanders by 
Simpson (1981) revealed that the highest prevalences of this anomaly were located in the 
Chatham Islands and the Northern parts of the North Island. However, despite the number of 
authors that have attributed this dental anomaly to the chewing on fern roots, Davidson (1984: 
128) believes that, "it is still not clear whether fern root alone was responsible, or whether the 
wear resulted from a generally fibrous and gritty diet". 
Therefore, although the prehistoric Maori and Moriori had a diet that was low in 
cariogenic foods, there is evidence that they consumed tough, fibrous vegetation and meat. 
This resulted in extensive wear of the dentition, localised tooth loss, and malocclusion, which 
as previously discussed, are possible aetiological factors in TDJD. 
In regard to the effects of culture on the occurrence of TDJD in the prehistoric Maori 
and Moriori, the lifestyle and cultural aspects of both the New Zealand Maori and the Chatham 
Island Moriori have been examined in detail by various ethnographers (Buck, 1952; Davidson, 
1984; King, 1989). This means that any cultural effects that may have influenced the 
occurrence of TDJD could possibly be determined. One obvious example of cultural factors 
affecting the occurrence of TDJD is the influence of culture upon diet. Culture can affect the 
type of diet consumed by a population in the following ways. Certain foods may have been 
forbidden. There may have been a hierarchical situation in a tribe or population, where 
specific individuals consumed more or different types of food than others. This may have also 
occurred between the sexes. However, in the case of the prehistoric Maori and Moriori, 
culture does not appear to influence the type of diet consumed. Instead, their diet appears to 
be influenced by geographical factors and the availability and abundance of relevant food 
resources, such as the presence of moa which were only found in the New Zealand mainland, 
and horticultural foods like the kumara, which was only readily available in the warmer North 
Island (Davidson, 1984). 
Some cultures practiced tooth shaping where certain teeth or the entire dentition was 
commonly shaped to a point by filing them down. Other cultures practiced the ceremonial 









tooth occlusion and thus, TMJ pathology. However, no evidence that the prehistoric Maori 
and Moriori engaged in either of these cultural practices was found in the literature. 
Another possible cultural influence that may influence the pathological condition of the 
prehistoric Maori and Moriori TMJ is the industrial use of teeth as tools. Taylor (1991) 
believes that one particular Maori skull which he examined exhibited a dental structure which 
indicated that some external cultural factor was responsible. He proposes that this may have 
resulted from the industrial use of teeth stating "the preparation of gear for nets and traps, and 
for warfare may well have imposed on teeth some additional holding and crushing tasks which 
so far I have not been able to specifically identify" (Taylor, 1991: 35). No other reference has 
been found to indicate that the prehistoric Maori or Moriori used their teeth for the preparation 
of nets and traps. However, a previous paper by Taylor (1986a) suggests that perhaps teeth · 
were used in prehistoric Maori for the preparation of clothes. In this paper Taylor explains 
how a different prehistoric Maori skull found near the entrance of Manukau Harbour had 
patterns of tooth wear that were very similar to that of Eskimo women who use their teeth for 
softening seal hides to make clothing. As seals were abundant throughout New Zealand and 
the Chatham Islands before European contact, and as prehistoric Maori skeletal remains have 
been found to be associated with both dog and moa skins (Taylor, 1986a), it is possible that 
seal skins were also used. However, as yet, no evidence of the use of sealskins for clothing 
in the prehistoric Maori or Moriori has been recorded. Therefore, as only one prehistoric 
Maori skull showed any indication of the use of teeth for industrial purposes, it can be inferred 
that both the prehistoric Maori and Moriori did not engage in such a practice. 
The morphology of the individuals within this prehistoric Polynesian sample may also 
affect the occurrence of TMJ pathology. It is acknowledged that Polynesians have a distinctly 
different skull morphology from other populations (Houghton and Kean, 1987). Polynesians 
on average have a large upper facial height and therefore a large average nasopharynx volume 
or airway size (Kean & Houghton, 1982), a high incidence of the rocker type jaw, open 
cranial base angles, and a pentagonal shaped cranium when viewed from behind (Houghton 
and Kean, 1987). Houghton and Kean (1987: 229) believe that the large facial height and 
average nasopharynx volume in Polynesians: 
"influences not only the positioning or spatial placement of the upper 
dentition, but also the overall form and biomechanics of the jaws and teeth -
the masticatory system". 
From this it can be assumed that if the Polynesian morphology alters the dentition and 
the structure and function of the teeth and jaws, then perhaps their morphology also 
contributes to the occurrence and frequency of TMJ pathological conditions in Polynesian 
populations. Stokes and Fitzharris (1991) from their findings on a prehistoric Maori sample 
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suggest that the high level of tooth attrition with relatively low levels of TMJ degeneration 
obtained in this study may reflect the unique Polynesian morphology and the mechanical 
inefficiency of the rocker jaw. A detailed review of these researchers findings and conclusions 
is presented in section 1.3. This notion of morphology contributing to TDJD is further 
supported by Richards (1988, 1990) who proposes that variations in facial morphology alter 
the level and distribution of tooth attrition in an individual. This indicates that as tooth attrition 
is a proposed aetiological factor in TDJD then morphology must be as well. 
Regarding the open cranial base angles prevalent in Polynesian populations, Kieser et 
al. (1999) have demonstrated from a sample of Moriori, Maori, and Indian skulls, and the 
cephalograms of Caucasian students, that the basicranial angles of the Moriori (143.6°) were 
significantly different to the Caucasians (130.8°). The depth of the glenoid fossa was found 
by these authors to have a relationship with the degree of basicranial flexion, with the Moriori 
individuals having a shallower fossa than the Caucasian individuals with less basicranial 
flexion. Previously, Kieser (1997) had suggested that TMJ dysfunction is related to 
deepening of the glenoid fossa. Therefore, this paper suggests that the degree of basicranial 
flexion is related to the depth of the glenoid fossa, which in turn may be related to the 
occurrence of TMJ dysfunction in individuals with less basicranial flexion. 
1.3 PREVIOUS RELATED RESEARCH ON POLYNESIAN POPULATIONS 
Research into TMJ pathological changes amongst Polynesians has been minimal. 
Bioanthropological research among Polynesian populations began with Turner in the mid 
1880's (Turner, 1886). He examined skeletal traits in the prehistoric New Zealand Maori, but 
the TMJ was not examined. More recently, the majority of research has been predominantly 
focused upon the origin of the Polynesians and the effect environmental factors have on their 
morphology. The latter includes climatic factors (Houghton, 1990, 1991a, 1991b, 1996; 
Houghton and Kean, 1987; Katzmarzyk and Leonard, 1998; Visser and Dias, 1999), cultural 
factors (van Dijk, 1991), and dietary effects (Taylor, 1963, 1970; van Dijk, 1991). However, 
many authors have addressed the state of the dentition in their Maori and/or Moriori samples, 
while only a few publications have examined TMJ pathological changes in prehistoric 
Polynesians. I will begin with an analysis of the previous literature that has examined the 
dentition of the prehistoric and historic New Zealand Maori and Moriori. 
Houghton (1975, 1978) found that the occurrence of both dental caries and periodontal 
disease was unusual in the prehistoric Maori. However, Houghton (1978) suggests a change 
in dietary type and consequent changes in the dentition of the prehistoric Maori after about 
1500 A.D., where severe dental attrition and frequent alveolar abscesses, became more 










"Teeth are lost early and by the age of about 40 an individual would have 
been edentulous. This alone was probably a slow death sentence in the later 
prehistoric period, considering the general roughness of the food" (Houghton, 
1978: 215). 
He is unsure why the obvious change in diet occurred around 1500 A.D., although he 
speculates that possible influences could be the pressures associated with population growth 
and climatic changes. In 1981 Olsen examined a variety of New Zealand Polynesian 
collections of different antiquities and provenances to investigate whether differences in the 
level of tooth attrition, tooth loss, and the dental health occurred between the populations as 
suggested by Houghton (1978). Her findings revealed that periodontal disease was only 
found in earlier prehistoric samples, whereas dental caries were most often found in the earlier 
collections. However, Olsen found that the prevalence of abscesses was similar between the 
early and late prehistoric populations and that the level of dental attrition was not related to 
either antiquity or provenance. From these results, Olsen believes that the general idea alluded 
to by Houghton (1978) of differences in the level of dental attrition and dental health occurring 
between pre and post 1500 A.D. New Zealand Maori and Moriori is 'too simple'. 
Evans (1987) examined the dental conditions from a number of populations from 
throughout the Pacific. Two of these populations were New Zealand Maori and one was a 
population of Chatham Island Moriori. Of these three groups the Moriori individuals 
displayed the highest mean level of dental attrition, and of all of the populations that could be 
examined for the degree of dental attrition in individuals of between 25 and 35 years of age, 
the Maori and Moriori individuals had a noticeably higher average dental attrition level. 
Furthermore, the presence of dental caries in all three of these populations was low. 
Likewise, Kardos (1969) in a sample of 32 New Zealand Maori skulls only encountered 
occasional carious lesions. Therefore, it appears from a review of the literature on the 
prehistoric New Zealand Maori and Moriori populations that the level of dental attrition and 
tooth loss was high, while the occurrence of dental caries and periodontal disease was low. 
In regard to previous research on the occurrence of TMJ pathological changes in 
Polynesian populations, Pietrusewsky & Douglas (1994) on a skeletal sample of historic and 
prehistoric Hawaiian remains found that the occurrence of TDJD was almost non-existent in 
the historic populations, while the average prevalence of TDJD in three prehistoric populations 
studied was 8.8%. As discussed in section 1.2, Stokes and Fitzharris (1991) examined the 
relationship between tooth attrition and TMJ 'wear' in a prehistoric Maori sample of 34 
individuals. This study appears to be the only research conducted on both the aetiology and 
occurrence of TMJ degeneration in the prehistoric Maori. In this study the level of tooth 







TMJ wear was recorded via the methods developed by Richards and Brown (1981) for the 
glenoid fossa and condylar head only. Degeneration of the articular eminence was recorded by 
an investigation of the degree of eburnation present. These researchers found that there was a 
high level of tooth attrition in their sample but a relatively low level of TMJ degeneration, 
concluding that an inverse relationship between the two exists. They suggest that the low 
proportion of TMJ wear in relation to the high degree of tooth attrition in their sample may be 
related to the masticatory muscular robustness seen in Polynesian populations, believing that 
this compensates for the less efficient Polynesian 'rocker jaw'. They further hypothesise that 
the large posterior temporalis muscle found in Polynesian populations creates a 'sling' around 
the TMJ and thus acts as a splint, which protects the articular eminence from excessive wear. 
However, as detailed in section 2.3, the temporalis muscle does not form a 'sling' around the 
TMJ as temporalis does not attach to the lateral surface of the mandible. Furthermore, as these 
researchers themselves state, "The priority of these factors in explaining the observed inverse 
relation between tooth and TMJ wear cannot be determined from the relatively coarse measures 
of TMJ wear utilised in this study" (Stokes & Fitzharris, 1991: 13). Therefore, the results and 
conclusions obtained by these researchers cannot be construed as evidence that the level of 
tooth attrition does not affect TMJ pathology, but rather an indication that this may be the case 
in this specific population at least. 
The only other research that addresses the occurrence of TMJ pathological changes and 
possible aetiologies in a Polynesian population is the research by Visser (1994a,b) on a sample 
of prehistoric Fijians. In these publications, Visser investigated the relationship of tooth 
attrition, tooth loss, sex, age, morphological variation, and culture to the occurrence of TMJ 
degeneration. The dental attrition levels were recorded with the attrition scale developed by 
Molnar (1971), while TMJ wear was recorded via the methods developed by Richards and 
Brown (1981). In both sexes the articular eminence was found to be more frequently affected 
by pathological changes than either the mandibular fossa or postglenoid tubercle. Increasing 
tooth loss was related to increasing tooth attrition and there was a significant correlation 
between the total tooth wear and TMJ degeneration in males only. However, as no correlation 
was seen between the level of dental attrition and TMJ degeneration in females or between the 
loss of teeth and TMJ degeneration in either sex, Visser concluded that there was no primary 
relationship between the dentition and TMJ pathology. However, he did find differences in 
the occurrence of TMJ degeneration between the sexes, with males being more frequently and 
severely affected than the females. This difference was proposed by Visser to be the result of 
pronounced biomechanical loading as a result of chewing the roots of the plant Piper 
methysticum to make the narcotic beverage kava in the male individuals, as this was a male 
specific activity. 




1.4 AIMS AND OBJECTIVES 
These theories lead to the aim of this study, which is to determine the types of 
pathologies that exist in the TMJ of the prehistoric Maori and Moriori and to investigate their 
possible aetiologies. 
1.4.1 HYPOTHESES AND OBJECTIVES 
1) Many authors such as Buck (1925), Scott (1893), Shawcross (1967), Simpson 
(1981), and Taylor (1963, 1970, 1991) have documented the presence of teeth dislocated or 
heavily worn on the buccal surface in the prehistoric Maori and Moriori. Furthermore, many 
other researchers have also found high levels of both tooth loss (Houghton, 1978) and 
generalised tooth attrition (Houghton, 1978; Olsen, 1981; Stokes & Fitzharris, 1991) in their 
prehistoric Maori and Moriori skeletal samples. From this it is hypothesised that the 
prehistoric Polynesian skeletal sample examined in this study will show a higher level of TMJ 
degeneration than other populations. This is hypothesised because many authors believe that 
alterations to the dentition such as the antemortem loss of teeth, and tooth attrition affects the 
occurrence of TMJ degeneration (section 2.5.1.1). It is further hypothesised that either the 
unilateral loss of teeth antemortem, the occurrence of inflammation or infection of the alveolar 
bone, or the occurrence of chronic dental caries would create an increase in tooth attrition on 
the unaffected side and thus an increase in TMJ degeneration on the ipsilateral TMJ to the 
region of the dental arch affected. 
2) Autopsy studies by Hansson and Oberg (1977) and Oberg et al. (1971) have 
demonstrated that degenerative changes in the TMJ affect the lateral aspect more than the 
medial aspect. Therefore, it is hypothesised that the prevalence of TMJ pathological changes 
will be higher on the lateral aspect of the joint than the medial aspect. 
3) The sex of the individual has also been proposed to affect the occurrence of TMJ 
degeneration (section 2.5.1.6). The suggestion is that the occurrence of sex differences in 
TMJ degeneration prevalence arise because of differences in the types of food consumed 
between the sexes and lifestyle or industrial differences in the usage of teeth between the 
sexes, or possibly hormonal or physiological differences. In the clinical situation TMJ 
degenerative changes appear to mainly affect women (Zarb & Carlsson, 1999). Therefore, it 
is hypothesised that the females in the prehistoric Polynesian sample will have a higher 
prevalence and severity of TMJ degeneration than the males . 
\ 
The second limitation is the differing standards used by researchers for recording 
pathological changes and the estimation of other variables like sex and age in skeletal studies. 
Furthermore, differing standards are also used for recording pathological changes between 
clinical, autopsy, and paleopathological disciplines. These limitations make comparisons 
between studies difficult, particularly in terms of comparing the prevalence and severity of 
pathological changes between studies where different methods were utilised. 
Another limitation that must be considered in this study is the fact that it is not possible 
to know whether each individual examined actually lived where they died. Furthermore, 
although the food resources and cultural activities of the prehistoric Maori and Moriori have 
been well documented, it is impossible to know if this is really what they consumed and did 
(Jurmain & Kilgore, 1995). 
A frequent limitation in skeletal studies is postmortem damage. This phenomenon can 
make the identification of degenerative changes and the age and sex estimations of skeletal 
remains difficult. Postmortem damage can result from a variety of factors including; damage 
caused by excavation or handling, soil composition, and climatic factors (Bergman & 
Hansson, 1979). This limitation, along with the fact that the majority of the sample consisted 
of skulls without postcranial skeletons, lead to difficulties in the accurate ageing and sexing of 
each individual, as having a complete skeleton would make the determination of both sex and 
age easier. 
Finally, although the sample examined in this thesis comprised 89 individuals, some 
comparisons and statistical tests were unable to create definitive results as the number of 
individuals with the specific variable examined was too few. These particular results need to 
be conducted with larger sample sizes in order to determine relationships. 
1.6 THESIS STRUCTURE 
This thesis will be set out in a number of chapters as follows. 
Chapter Two describes in detail the anatomy and function of the TMJ. A 
comprehensive literature review on TMJ degeneration and possible aetiologies is also 
included. 
Chapter Three describes the materials and methods used for addressing the objectives of 
this thesis. 
Chapter Four contains the results from this analysis. 
Chapter Five discusses the results and addresses the hypotheses and objectives of this 
thesis. 
~-~·~---·-~--~·· 
2 Literature Review 
"No articulation could more completely demonstrate the correlation of 
structure and function than the TMJ" (Kreutziger and Mahan, 1975b: 167). 
In chapter 1 the structure of the TMJ was described as being a complex synovial joint 
that consists of both osseous structures and soft tissues, the latter of which comprises: an 
articular disc; a fibrous joint capsule; and various muscles, ligaments, blood vessels, and 
nerves. As the TMJ is formed from the articulation of the temporal bone with the mandible, it 
is fundamentally necessary to understand the structure of both of these bones if one is to 
comprehend the structure and function of this complex joint as a whole. It must be noted that 
the following review of the TMJ osseous anatomy is largely based upon clinical texts 
especially Johnson and Moore (1997) and Soames (1995) as recent relevant publications on 
the structure and function of the TMJ' s osseous structures are scarce. 
2.1 OSSEOUS STRUCTURES OF THE TMJ 
2.1.1 TEMPORAL BONE 
There are two temporal bones on the sides and base of the skull. They are bordered by 
the paired parietal bones superiorly, the paired zygomatic bones and the sole sphenoid bone 
anteriorly, and the occipital bone posteriorly and medially. The mature temporal bone can be 
divided into four visible developmental regions; the squamous, petromastoid, tympanic, and 
the styloid (Soames, 1995). These divisions can be seen in Figure 2.1 from Soames (1995: 
589). Of these four temporal divisions it is the squamous part which houses the mandibular 
fossa and thus, combines with the mandible to form the craniomandibular articulation or TMJ 
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Figure 2.1. External aspect of the left temporal bone showing the mandibular fossa 
and sun-ounding osseous structures from Soames (1995: 589). 
The mandibular fossae 
The mandibular fossa within the squamous part of the temporal bone is bounded 
anteriorly by the articular eminence (or articular tubercle) and posteriorly by the tympanic part 
of the temporal bone (Johnson & Moore, 1997; McKay et al., 1992; Soames, 1995). The 
mandibular fossa is composed of a thin layer of compact bone, which is especially thin in the 
roof of the fossa, while the articular eminence is formed from cancellous bone that is covered 
by a thin layer of compact bone (Boering, 1979). The latter is slightly convex in shape and 
has an anterior articular area that is fonned by the temporal squama (Soames, 1995). It is this 
anterior articular area of the articular eminence that represents the anterior delimitation of the 
TMJ (Johansson & Isberg, 1991). Posteriorly the articulating region of the mandibular fossa 
is on the anterior portion of the postglenoid tubercle anterior to the junction of the squamous 
and tympanic parts of the temporal bone at the squamotympanic fissure (Soames, 1995). This 
fissure therefore separates the non-articulating region of the tympanic bone from the 
articulating region of the postglenoid tubercle (Soames, 1995). Medially the mandibular fossa 
and articular eminence are bounded by the sphenosquamosal suture that is formed between the 
sphenoid and the squamosal part of the temporal bone (White, 2000). The boundaries of the 




















Figure 2.2. The inferior aspect of the left temporal bone modified from Soames 
(1995: 592). 
The zygomatic processes 
Extending forward from the squamous lower region of the temporal bone is the 
zygomatic process (Figures 2.1 and 2.2). Anteriorly these zygomatic processes extend to join 
with the zygomatic bones of the face, while posteriorly each zygomatic process joins with the 
squamous part of the temporal bone through its anterior and posterior roots (Soames, 1995). 
The anterior root of the zygomatic process joins with the articular eminence laterally, while the 
posterior root forms the ridge of bone that continues from the zygomatic process above the 
external acoustic meatus into the supramastoid crest (Johnson & Moore, 1997; Soames, 
1995). These zygomatic processes and temporal bones function as attachment sites for the 
muscles and ligaments of the masticatory system, the names and precise attachment sites of 
which will be discussed in sections 2.2.3 and 2.3 of this chapter. 
2.1.2 THE MANDIBLE 
The mandible forms the lower part of the craniomandibular articulation (Soames, 1995). 
The mandible's dental arrangement of incisors, canines, premolars and molars together with 
the maxilla's corresponding dental arrangement, enable mastication. Therefore, it is the 
formation of the synovial joint between the mandible and the mandibular fossa that allows, 
along with the appropriate muscles of mastication and associated joint capsule and ligaments, 
efficient dental use. The mandible consists of a body and two vertical rami which are located 








2.1.2.1 The mandibular body 
The body of the mandible houses the teeth and serves as an attachment site for some of 
the masticatory muscles. The mandibular body consists of a lower border or base and an 
upper border or alveolar region (Figures 2.3 and 2.4) (Soames, 1995). The alveolar region of 
the mandibular body houses the teeth in the form of sixteen alveoli. These alveoli can vary in 
size, shape, depth, and number (Soames, 1995). 






Figures 2.3 and 2.4 from Soames (1995: 576), showing the osseous structures and muscle 
attachments for both the lateral (Figure 2.3) and medial (Figure 2.4) aspects of the mandible. 
2.1.2.2 The mandibular ramus 
The lateral surface of the mandibular ramus is flat as it functions as an attachment site 
for the masseter muscle that is involved in mastication. The medial surface of the ramus 
houses the mandibular foramen centrally which, just like the mental foramen, facilitates the 
passage of blood vessels and nerves into the mandibular canal within the body of the mandible 
(Figure 2.4) (Johnson & Moore, 1997). Projecting over the mandibular foramen anteriorly is 
a thin plate of bone called the lingula (Figure 2.4) (Johnson & Moore, 1997; Soames, 1995). 
This serves as an attachment site for the sphenomandibular ligament. The function and precise 
attachments of this ligament are described in section 2.2.3 . From the mandibular foramen 
runs the mylohyoid groove which proceeds anteriorly and inferiorly towards the body of the 
mandible terminating in the region of the submandibular gland (Figure 2.4) (Johnson & 
Moore, 1997; Soames, 1995). This groove is formed by the passage of blood vessels and the 
mylohyoid nerve (Johnson & Moore, 1997). 
2.1.2.3 The coronoid and condylar processes 
Surmounting the superior border of the ramus are the coronoid and condylar processes 




attachment sites for the large temporalis muscle that is involved in mastication (Figure 2.4) 
(Soames, 1995). 
The condylar process forms the head of the mandible. This condylar head is composed 
predominantly of cancellous bone covered by a thin layer of compact bone (Boering, 1979). 
Normally the condylar head is cylindrical in shape, convex in all directions, and wider than it 
is long (Johnson & Moore, 1997; Soames, 1995). The articulating surface of the condylar 
head is composed of a transverse ridge in the coronal plane from which the bone slopes away 
anteriorly and posteriorly forming the anterior and posterior articulating surfaces of the 
condylar head (Jagger et al., 1994). These two surfaces converge on the lateral and medial 
extremes to form the medial and lateral poles or prominences for attachment of soft tissues 
(Jagger et al., 1994). Below the condylar head is the condylar neck, the anterior part of which 
forms an attachment site for the lateral pterygoid muscle called the pterygoid fossa (Figure 2.4) 
(Johnson & Moore, 1997; Soames, 1995). The condylar head does not sit upright on the neck 
but is instead inclined forward (McKay et al., 1992). From this McKay et al. (1992: 127) 
believe that: 
"This forward inclination, combined commonly with a more or less well 
defined transverse crest between the poles, results in a smaller, principal 
articular surface ( or facet) anteriorly and a larger, less functional, posterior 
articular facet". 
In other words McKay et al. (1992) believe that the anterior surface of the condylar 
head, although smaller than the posterior surface, is the main site of articulation between the 
mandibular condyle and the mandibular fossa. This notion is supported when one examines 
the articular cartilage of the joint. 
2.2 SOFT TISSUES ASSOCIATED WITH THE TMJ 
2.2.1 TMJ ARTICULAR CARTILAGE 
The majority of human synovial joint articular cartilage consists of hyaline cartilage 
(Bell, 1960; de Bont & Stegenga, 1993; de Bont et al., 1985a). However, the TMJ is one of 
the exceptions as its articular cartilage is composed of avascular fibrocartilage, although the 
mandibular condyle does have a layer of hyaline cartilage just below this superficial layer of 
fibrocartilage (Johnson and Moore, 1997). This uniqueness of the TMJ articular cartilage 
compared with other synovial joints appears to enable a moderate amount of cartilage 









In the mandibular condyle this articular cartilage is thickened over its antero-superior 
region (Bell, 1960; Jagger et al., 1994 ), which corresponds to an increased area of thickening 
on the postero-inferior portion of the articular eminence (Bell, 1960; Hansson et al., 1977; 
Johnson & Moore, 1997). This in conjunction with the anterior inclination of the condylar 
head as demon_strated by McKay et al. (1992) implies that the main direction of pressure and 
thus articulation is essentially upward and forward. This theory is supported in the work of 
Richards and Brown (1981) who, from a sample of 101 prehistoric Aboriginal crania, found 
that the central portion of the articular eminence and the anterior third of the condylar head 
showed the highest levels of degeneration. Interestingly, autopsy studies by both Hansson 
and Oberg (1977) and Oberg et al. (1971) have demonstrated that the TMJ is more affected by 
pathological conditions laterally than medially. This indicates that the lateral aspect of both the 
temporal and condylar components are subjected to higher forces than the medial components. 
This notion is supported when one examines the articular disc. 
2.2.2 THE ARTICULAR DISC 
In humans the joint space of the TMJ is divided into superior and inferior compartments 
by an articular disc (Boering, 1979; McKay et al., 1992). These superior and inferior 
compartments can be seen in Figure 2.5. Within these two separated compartments individual 
movements can occur. The upper compartment is a sliding joint, while the lower compartment 
is a rotating joint with a hinge-like motion (Shore, 1976). Along with spreading joint forces 
as Osborn (1985) acknowledges, the articular disc also functions to accommodate the 
changing shapes between the condylar head and the relevant temporal components of the TMJ 
that the condyle glides across during jaw movements (Boering, 1979; McKay et al., 1992). 
Thus, the inferior surface of the articular disc is concave to fit the condyle, while the superior 
surface is sagittally concavoconvex from anterior to posterior or 'saddle-shaped' to 
accommodate the shape of the mandibular fossa and articular eminence (Figure 2.5) (Boering, 
1979; Soames, 1995). The articular disc is not of uniform thickness. It is thickest posteriorly 
and thinnest in the central region of the disc (Hansson et al., 1977). Hansson et al. (1977) 
found that in the adult disc there was a lateral thinning in both the medial and posterior 
portions which they attributed as being a functional response to loading. Supporting this 
finding, Beek et al. (2000: 312) from their results acknowledge that it appears that, "large 
stress concentrations occur predominately in the lateral side of the intermediate zone of the 
disc". These results by both Hansson et al. (1977) and Beek et al. (2000) are in accordanc,e 
with the findings of both Hansson and Oberg (1977) and Oberg et al. (1971) for a lateral 
localisation of pathological lesions in the TMJ, as a lateral localisation of degeneration also 








Lateral pterygoid Condyloid process 
Figure 2.5. A sagittal section of the left TMJ modified from Soames (1995: 579). 
The so-called 'bilaminar zone' is indicated by an asterisk. 
The attachments of the articular disc 
The attachments and detailed structure of the articular disc are very complex, with many 
inaccuracies and conjectures apparent in the literature on the attachment of the posterior portion 
of the articular disc. The posterior attachment of the articular disc has been described by many 
authors as the 'bilaminar zone', the upper layer of which attaches on to the temporal bone 
posteriorly, while the inferior layer attaches onto the posterior portion of the condyle below the 
condylar head (Figure 2.5) (Boering, 1979; Jagger et al., 1994; Johnson & Moore, 1997; 
Kreutziger & Mahan, 1975b; McKay et al., 1992; Rayne, 1987; Rees, 1954; Soames, 1995). 
The elastin fibres in the superior layer of the bilaminar zone are thought to assist in pulling the 
disc posteriorly from its anterior position during jaw closure (Soames, 1995). Recently 
however, Dias (2000; pers. comm.) has found that there is no bilaminar zone or attachments 
from the posterior aspect of the articular disc to the temporal bone. Instead he concluded that 
the posterior attachment of the articular disc is via a single band to the neck of the condyle just 
below the articular surface of the condyle posteriorly, with some fibres also inserting into the 
posterior joint capsule. If correct, and no bilaminar zone exists, then this indicates that the 
retro positioning of the disc is carried out by some other mechanism. 
The anterior attachment of the articular disc merges with the very thin anterior capsule 
making it difficult to distinguish between the anterior capsule and the anterior portion of the 
disc (Dias, 2000; pers. comm.). In fact, some researchers such as Kreutziger and Mahan 
(1975b) believe that there is no capsule in the medial half of the anterior aspect of the TMJ. 
Schmolke (1994) however, has demonstrated that the upper region of the anterior portion of 
the articular disc is attached to the temporal bone, while its lower region is attached to the 
mandibular condyle. A further attachment of the anterior portion of the articular disc is to the 




(Abe et al., 1997; Boering, 1979; Heylings et al., 1995; Loughner et al., 1996; Schmolke, 
1994; Velasco et al., 1993). However, a previous paper by Wilkinson & Chan (1989) details 
that in all five human cadavers examined the lateral pterygoid muscle attached to the 
mandibular condyle only, not to the disc. Both Rees (1954) and Velasco et al. (1993) 
conclude from their results that the antero-lateral portion of the articular disc is attached to 
fibres of both the masseter and temporalis muscles. These authors propose that this 
attachment of the masseter and temporalis muscles may function to counteract the antero-
medial pull of the lateral pterygoid muscle on the articular disc, thereby avoiding possible disc 
displacement. 
Supporting the findings of Rees (1954) and Velasco et al. (1993), Myers (1988) 
describes from his results what he believes are two new masticatory muscles that attach onto 
the middle and lateral aspects of the anterior band of the disc. One proposed masticatory 
muscle, the so-called mandibular-diskal muscle, was found to originate from the mandibular 
notch and insert into the lateral portion of the anterior band of the disc, while the other 
proposed muscle, termed the zygomaticodiskal muscle, was found to originate from the inner 
surface of the zygomatic arch and insert into the middle aspect of the anterior band of the 
articular disc. However, both of these muscle fibre bands have insertions in common with the 
fibres of the deep masseter muscle and therefore, may just represent part of the masseter 
muscle. A later paper by Loughner et al. (1996) failed to find these muscles described by 
Myers (1988) or even an attachment between the deep masseter muscle and articular disc in a 
total of sixteen half-crania, as both Rees (1954) and Velasco et al. (1993) have previously 
described. However, the posterior band of the temporalis muscle was found by Loughner et 
al. ( 1996) to attach into the lateral portion of the anterior part of the articular disc, but this was 
classified as an anomaly as only one of the sixteen specimens showed this phenomenon. 
These findings on the attachment of masticatory muscles into the articular disc again highlight 
the controversy that is apparent in the literature on the structure and function of the TMJ and 
related structures. 
The medial and lateral attachments of the articular disc are much simpler and thus, less 
disputed. Generally it is accepted that the articular disc attaches medially to the medial pole of 
the condyle and to the medial aspect of the joint capsule, while laterally the disc is attached to 
the lateral pole of the condyle and the lateral aspect of the joint capsule. 
___________________________ 2.1 
2.2.3 THE FIBROUS JOINT CAPSULE AND ASSOCIATED LIGAMENTS 
The TMJ is surrounded by a thin, weak fibrous connective tissue sleeve that attaches 
above to the squamotympanic fissure and to the squamous bone just peripheral to the margins 
of the articular surface, and below to the neck of the mandible just inferior to the capsular line 
(Johnson & Moore, 1997). The collagenous fibres of the joint capsule are mainly vertically 
oriented (McKay et al., 1992) and the capsule itself is taut below the articular disc and loose 
above it (Soames, 1995) to enable the desired movements of the joint. Anteriorly the capsule 
blends with the articular disc and lateral pterygoid muscle (Schmolke, 1994). However, as the 
joint is subjected to strong repetitive forces the TMJ capsule is further reinforced by ligaments. 
Antero-laterally, the capsule is strengthened by the lateral temporomandibular ligament, 
which attaches between the lateral edge of the articular eminence on the root of the zygomatic 
process and the lateral surface and posterior border of the condylar neck (Figure 2.6) (Johnson 
& Moore, 1997; Soames, 1995). However, Savalle (1988) through a review of the literature 
and his own work states that the existence of the lateral temporomandibular ligament is 
debatable, while other authors such as Osborn (1989a) believe that this ligament do/.exist and 
that it functions to keep the condyle close to the temporal bone during depression of the jaw. 
This again highlights the controversy apparent in the literature regarding the anatomy of the 
TMJ. Within the joint capsule run the medial and lateral collateral ligaments, which attach 
from the medial and lateral poles of the condylar head to the medial and lateral aspects of the 
articular eminence (McKay et al., 1992). These ligaments resist· any distal displacement of the 
condylar head and when the teeth are maximally occluded these ligaments are not taut (McKay 
et al., 1992). In the 1998 paper by Rodriguez-Vazquez et al. another intrinsic ligament of the 
TMJ is described, the discomalleolar ligament. This is a very thin fibrous structure which 
connects the posterior of the articular disc with the malleus of the middle ear (Rodriguez-
Vazquez et al., 1998). It is in fact so fine that many researchers have difficulty dissecting it or 
even finding it (Rodriguez-Vazquez et al., 1998). However, the actual functional significance 
of this ligament in TMJ stability appears to be insignificant. 
Apart from these intrinsic ligaments of the joint that are described above, a number of 
other fibrous connective tissue bands called accessory ligaments indirectly modify the range of 
movements that are possible in the joint (McKay et al., 1992). These consist of the lateral 
temporomandibular, sphenomandibular and stylomandibular ligaments (McKay et al., 1992). 
The lateral temporomandibular ligament of one side acts as an accessory ligament as it 
functions as an extrinsic medial ligament for the opposite TMJ (McKay et al., 1992). The 
other two ligamentous structures act upon the ipsilateral TMJ and are attached between the 




The sphenomandibular ligament attaches between the spine of the sphenoid bone and 
the lingula of the mandible (Figure 2.7) (Ouchi et al., 1998). This ligament is only involved in 
controlling the amount of lateral jaw movement (Burch, 1970), although Abe et al. (1997) 
believe that it regulates the movement of the mandible during depression and that it draws the 
articular disc posteriorly during jaw elevation. Attaching between the styloid process of the 
temporal bone and the angle and posterior border of the mandible is the stylomandibular 
ligament (Figures 2.6 and 2.7) (Soames, 1995). However, the functional role of this ligament 
in joint stability is uncertain (Soames, 1995). 
McKay et al. (1992) also believe that the pterygomandibular raphe acts as an accessory 
ligament just like the lateral temporomandibular, sphenomandibular and stylomandibular 
ligaments described above. However, the pterygomandibular raphe is nothing more than a 
tendinous band which attaches between the pterygoid hamulus and the posterior end of the 
mylohyoid line for the attachment of the buccinator and superior pharyngeal constrictor 
muscles that are involved in chewing (Shimada & Gasser, 1989; Toljanic et al., 1987). The 
pterygomandibular raphe is therefore not involved in modifying the range of movements 
possible at the TMJ and hence, can not be classed as an accessory ligament of the TMJ as 
McKay et al. (1992) believe. 
In 1995 Shiraishi et al. published a clinical paper detailing the existence of a previously 
undiscovered retinacular ligament and vein of the human TMJ. This ligament was found in all 
fourteen cadavers studied to originate from the lateral to postero-lateral part of the TMJ 
including the articular eminence, inserting into the fascia of the masseter muscle at the 
mandibular angle (Shiraishi et al., 1995). The vein was found to originate "from the venous 
plexus in the retrodiskal pad and ran parallel to the retinacular ligament, giving off branches to 
the retromandibular, transverse facial, and superfacial temporal veins" (Shiraishi et al., 1995: 
208). These authors propose that the function of both the retinacular ligament and vein is to 
maintain blood circulation during movements of the jaw. However, it appears from an 
analysis of their paper that the ligament and blood vessel that these authors believe they have 
found may be simply a result of stripping the periosteum (which attaches to the joint capsule 
and articular disc) (Dias, 2000; pers. comm.). They have presumably interpreted this 
separated periosteum as being ligamentous in nature, whereas it may instead only be an 








Figures 2.6 and 2.7 modified from Soames (1995: 579), showing the fibrous 
joint capsule and associated ligaments . 
THE SYNOVIAL MEMBRANE 
A synovial membrane lines the joint capsule above and below the articular disc 
including the non-articular surfaces of the mandibular neck, the peripheral areas of the articular 
disc, and the upper and lower compartments of the TMJ (Johnson & Moore, 1997). The 
edges of the synovial membrane in the upper and lower compartments of the TMJ are folded 
into villi-shaped structures (Kreutziger and Mahan, 1975a). These villi in the superior 
compartment of the TMJ allow the articular disc to move anteriorly with the condyle by 
unfolding, while in the lower compartment these folds allow the articular disc to rotate 
posteriorly as the condyle translates forwards (Kreutziger and Mahan, 1975a). As with all 
synovial joints, synovial fluid lubricates the joint, although the volume of this fluid in the TMJ 
is negligible (Jagger et al., 1994). 
2.2.5 INNERVATION AND BLOOD SUPPLY 
Innervation of the TMJ is achieved via branches of the trigerninal nerve, these being the 
masseteric and deep temporal branches and especially the auriculotemporal branch (Boering, 
1979; McKay et al., 1992). The posterior joint capsule and posterior portion of the articular 
disc are supplied by the highly innervated and vascularised retrodiscal tissue (Zarb et al., 
1994). However, the posterior portion of the entire joint is supplied by the temporal and 
maxillary arteries (Savalle, 1988). The anterior portion of the joint capsule and articular disc 
receive blood through branches of the masseteric artery (Savalle, 1988), and by vessels in the 
loose connective tissue and fat lobules of the periarticular space (Schmolke, 1994). This 
means that the anterior portion of the articular disc is highly vascularised just like the posterior 
portion. The medial and lateral regions of the disc are similarly vascularised, although not as 
much as the anterior and posterior regions. Only the central portion of the disc fails to be 






Boyer et al., 1964; Morani et al., 1994). The vascularisation of the adult articular disc can be 
seen in Figure 2.8 from Boyer et al. (1964: 227). Interestingly, Agerberg et al. (1969: 457) 
state from their findings that: 
"normally the articular disk is highly vascularized towards the end of 
intrauterine life, and that the vascular density diminishes with age up to 
adulthood, when the whole of the central area is avascular". 
However, they fail to describe how the vascularisation of the central portion of the disc 
is achieved and to explain exactly how it loses vascularisation with increasing age. A later 
paper by Boering (1979) supports the findings of Agerberg et al. (1969) as he postulates that 
with increasing age the capillaries retreat toward the periphery of the disc due to increased 
chewing stress occurring upon the joint. When this occurs he proposes that the central region 
of the disc is governed by lymph and synovial fluid. However, there is no experimentation in 
this paper to support his statements and there are no references to previous findings by either 
himself or other researchers that support these notions, casting doubts on their validity. More 
recent literature on the vascularisation of the articular disc is scarce with most information 
residing in clinical texts. Johnson and Moore (1997) for example state that the central portion 
of the articular disc is relatively avascular and Soames (1995) explains that the articular disc is 
variably perforated. Therefore, until more research is conducted on the vascularisation of the 
central portion of the articular disc one can only substantiate that in adults the central portion of 
the articular disc is predominantly avascular. 
Figure 2.8. The vascularisation of the adult articular disc as viewed from above from 
Boyer et al. (1964: 227). The central avascular area and the highly vascular anterior 
(top) and posterior (bottom) regions are clearly visible. (Magnification X 2.66). 
2.3 MUSCLES PRODUCING MASTICATION AND OTHER MOVEMENTS OF 
THEJAW 
The primary muscles of mastication are the temporalis, masseter, and the medial and 
lateral pterygoid muscles (Jagger et al., 1994; Johnson & Moore, 1997). These muscles along 






movements of the mandible (Jagger et al., 1994). The complex movements involved in 
mastication and speech are caused by the contraction of a combination of these muscles. The 
attachment sites of these muscles are summarised in Table 2.1 on the following page. 
In Table 2.1, the lateral pterygoid muscle is detailed as consisting of two heads. This 
was first discovered in the early 1970's by Grant (1973) and McNamara (1973). However, 
recently Dias (2000; pers. comm.) has found that the lateral pterygoid muscle actually consists 
of three heads and not two, which again highlights the disagreement apparent in the literature 
on the structure and function of the TMJ and related structures. This finding is supported by 
Wilkinson and Chan (1989) who found one of the five human cadavers that they examined 
also had a third head, although in this paper the extra medial head was treated as an anomaly. 
Further highlighting the conflicting opinions on the structure and function of the TMJ and 
related structures, Dias et al. (1999) have demonstrated that a further muscle band exists in the 
human TMJ called the glenomandibular muscle band. This muscle band was found to run 
horizontally from the medial pole of the mandibular condyle and postero-medial border of the 
condylar neck to an area on the sphenoid bone anterior to the squamotympanic fissure (Dias et 
al., 1999). During lateral rotation the jaw rotates about an axis centered on the ipsilateral 
condyle, but it also translates laterally. This lateral movement is referred to as the 'Bennett' 
movement (Dias et al., 1999; Jagger et al., 1994; Johnson & Moore, 1997). An illustration of 
this 'Bennett' movement can be seen in Figure 2.9. Dias et al. (1999) postulate that the 
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Table 2.1 Summary of muscles involved in mandibular movements adapted from Johnson 
and Moore, 1997. 
Muscle Origin and Insertion Function 
Masseter 0 - Anterior 2/3' s of lower border of zygomatic process Prime mover of jaw closure. 
Superficial layer I - Lateral surface of lower 1/2 of the ramus, including Elevates mandible 
the angle of the mandible Protrudes iaw 
Masseter 0 - Medial aspect of anterior 2/3' s and the lower border Prime mover of jaw closure 
Middle layer of the posterior 1/3 of the zygomatic process Elevates mandible 
I - Lateral surface of the middle part of the ramus 
Masseter 0 - Whole length of the medial surface of the Prime mover of jaw closure 
Deep layer zygomatic process Elevates mandible 
I - Upper part of the mandibular ramus 
Tem[!_oralis 0 - Whole of temporal fossa and deep surface of the Closes jaw 
temporal fascia Elevates and retracts mandible 
I - Medial surface, apex, anterior and posterior borders 
of the coronoid process and anterior border of the ramus 
(via the central tendon) 
Medial Ptery_goid 0 - Via two heads from the medial surface of the lateral Elevates and protrudes mandible 
pterygoid plate. Its superficial head also arises from the Acts with lateral pterygoid to 
maxillary tuberosity and neighbouring part of the promote side to side (grinding) 
palatine bone movements of the mandible 
I - Posterior-inferior part of the medial surface of the 
mandibular ramus and angle 
Lateral Ptery_goid 0 - Infratemporal surface of greater wing of sphenoid Protrudes and depresses mandible 
Upper head bone Provides forward side to side 
I - Via a short tendon into the pterygoid fovea on the (grinding) movements of the 
anterior aspect of the mandibular neck and into the teeth 
anterior aspect of the articular capsule and articular disc 
Lateral Ptery_goid 0 - Lateral surface of lateral pterygoid plate Protrudes and depresses mandible 
Lower head I - Via a short tendon into the pterygoid fovea on the Provides forward side to side 
anterior aspect of the mandibular neck and into the (grinding) movements of the 
anterior aspect of the articular capsule and articular disc teeth 
Diagastric 0 - Mastoid notch of temporal bone Depresses mandible 
Posterior belly I - Joins with intermediate tendon that attaches to the Elevates hyoid bone 
hvoid bone 
Diagastric 0 - Intermediate tendon Depresses mandible 
Anterior belly I - Diagastric fossa on lower border of mandible Elevates hyoid bone 
My_lohy_oid 0 - Whole length of mylohyoid line on medial aspect Depresses mandible 
of mandible 
I - Posterior fibres insert into anterior surface of body 
of hyoid bone. Anterior fibres attach to median rap he 
of hyoid bone 
Geniohy_oid 0 - Inferior mental spine Depresses mandible 
I - Anterior surface of hyoid bone Elevates and draws forward hyoid 
bone 
Through the structure of the TMJ' s associated ligaments, muscles, and articular tissues, 
the mandible is capable of depression or elevation, protrusion or retrusion, and 'lateral 
deviation. Depression of the mandible occurs when the mouth opens. During this movement 
the condyles rotate on a common axis and slide forwards onto the articular eminence (Johnson 
& Moore, 1997). This anterior sliding ceases when restricted by the lateral 
temporomandibular and medial and lateral collateral ligaments of the joint becoming taut. 
Depression of the mandible is aided by bilateral contraction of the lateral pterygoid muscles 
and in the later stages of the movement by the diagastric, mylohyoid and gleniohyoid muscles 










contraction of the temporalis, masseter, and medial pterygoid muscles bilaterally (Johnson & 
Moore, 1997; Soames, 1995). 
Forward movement of the mandible (protrusion) and its return to position of rest 
(retrusion), are produced by symmetrical translation of the mandibular condyle in both TMJ's 
(Johnson & Moore, 1997). Protrusion of the mandible is aided by bilateral contractions of the 
medial and lateral pterygoid muscles, while retrusion is assisted via bilateral contractions of the 
middle and posterior fibres of the temporalis muscles (Johnson & Moore, 1997). 
Lateral deviation of the mandible occurs when the head of the mandible on the ipsilateral 
side remains in the mandibular fossa, while the contralateral condylar head translates forwards 
onto the articular eminence (Johnson & Moore, 1997). This is aided by contraction of the 
medial and lateral pterygoid muscles of each side alternately (Soames, 1995). During this 
translation of the contralateral condyle the ipsilateral condyle also undergoes some lateral 
'Bennett' movement (Johnson & Moore, 1997). 
2.4 FACTORS INFLUENCING JAW MOVEMENTS 
"The range and direction of the movements at most joints are controlled 
to a large extent by the character of the articular structures, especially the size 
and shape of the articular surfaces and the disposition and tightness of the 
capsule and ligaments" (Johnson and Moore, 1997: 208). 
When the teeth are separated (or not occluded) it appears that the jaw musculature is the 
primary factor controlling TMJ movements and not bony congruence or ligamentous resistance 
(Johnson & Moore, 1997). With tooth occlusion however, it is obvious that the shape and 
direction of the gliding contacts between opposed tooth cusps are the primary factors 
controlling TMJ movements (Johnson & Moore, 1997). What is not so clear is the functional 
significance of the articular eminence. One explanation is that the articular eminence assists 
with chewing (Osborn, 1985). This idea is supported by Picq et al. (1987) who state that the 
roof of the mandibular fossa cannot support stress loading, but the articular eminence can. 
This implies that the forces exerted upon the temporal component of the TMJ with mastication 
are borne by the articular eminence. Similarly in a more recent paper by Osborn (1996) a 
linear programming model was designed to examine what effect the structure of the human jaw 
had upon maximising the bite force. From the results obtained Osborn concluded that the 
articular eminence was the only part of the human jaw design that appeared to be related to 
increasing the maximum bite force. In addition Granados (1979), Hinton (1981), and Owen 
et al. (1992) all concluded from their results that the articular eminence is less prominent in 
skulls with high levels of tooth attrition. If the articular eminence was involved in supporting 











articular eminence height between individuals with and without tooth attrition, which was not 
the case. An alternative view considered by Johnson and Moore (1997) is that the articular 
eminence allows lateral deviation of the mandible without collision of teeth by depressing the 
mandibular head on the balancing side as it translates forwards. Perhaps the articular 
eminence assists in both of these functions. 
In regard to the postglenoid tubercle, many authors believe that it is of no functional 
significance, but Murphy (1956) believes that it acts as a fulcrum for the pivoting ipsilateral 
condyle during the load-bearing closing phase of the chewing cycle. If this were the case then 
one would expect to see degeneration in response to load in the postglenoid region. However, 
Richards and Brown (1981) from a sample size of 202 TMJ's only found four that were 
degenerated in the postglenoid region compared to 100 in the anterior temporal region. This 
indicates that the postglenoid tubercle is not substantially involved in load-bearing during 
mastication, which leads to a major controversy that is evident in the literature, whether the 
mandible acts as a lever or not. 
2.4.1 LEVER ACTION OF THE MANDIBLE 
In the 1970's Rylander published a series of anthropological papers supporting the 
view that the mandible did indeed function as a lever of the class III variety where the biting 
force of the working condyle is borne by the contralateral condylar head (Rylander, 1975, 
1978, 1979). However, in the mid 1980's Taylor (1986b) published an anthropological paper 
supporting a predominant view in the earlier decades of the 19th century, that the structure of 
the TMJ is inappropriate for stress-bearing. Taylor (1986b) believes that the roof of the fossa 
is too thinto resist stress and that the disc is not designed to resist compression. However, as 
Picq et al. (1987) state, Taylor (1986b) neglected to address the fact that the mandibular 
condyles are loaded during both mastication and unilateral biting with more loading apparent 
on the balancing condyle, and that although the roof of the fossa is unable to support stress the 
articular eminence is. Therefore, although the issue is still being debated at the present time 
the most likely and more feasible explanation is that the mandible does indeed function as a 
mechanically disadvantaged class III lever. Diagrammatic illustrations of the way in which the 
mandible acts as a class III lever are shown in Figures 2.10 and 2.11 modified from Johnson 
and Moore (1997: 209). 
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Figures 2.10 and 2.11. The mandible as a class III lever in both lateral (Figure 
2.10) and anterior (Figure 2.11) views modified from Johnson and Moore (1997: 209). 




TheTMJ can be affected by a multitude of factors including: internal and mechanical 
derangement; bone and cartilage disorders (such as osteoporosis and avascular necrosis); 
growth disorders; pseudotumours; various arthridites (including RA, IA, and DJD); 
connective tissue disorders; muscle disorders; and miscellaneous articular and non-articular 
disorders (de Bont et al., 1997; de Bont & Stegenga, 1993). As this study is concerned with 
TMJ pathological changes in skeletal material, only those factors that can be easily determined 
as causing pathological changes in skeletal material will be addressed. These include 
developmental or congenital growth disorders and the arthridites; RA, IA and DJD. The 
developmental or congenital abnormalities that can affect the TMJ are described in section 
2.5.2. As the occurrence of both RA and IA of the TMJ are not nearly as prevalent as TDJD, 
these pathological conditions will be addressed only briefly here. 
"Rheumatoid arthritis is an autoimmune inflammatory condition in which inflamed and 
hypertrophic synovial membrane grows on the articulating surfaces of joints" (Ali & 
Rubinstein, 2000: 177). This results in deterioration of the articular cartilage and ultimately 
resorption of the underlying bone (Blackwood, 1963; Kreutziger & Mahan, 1975a). Resnick 
& Niwayama (1995b) acknowledges that the deterioration of the articular surfaces of the TMJ 
with RA results from the conversion of the inflamed synovial tissues into an erosive pannus, 
and from the release of inflammatory cytokines and proteolytic enzymes by monocytes. These 
enzymes result in the erosion of the joint from the periphery inwards, the reverse of DJD 
(Kreutziger & Mahan, 1975a). Kreutziger and Mahan (1975a) further detail that erosion of the 
mandibular condyle with RA causes a decrease in height of the mandibular rami and therefore, 
the creation of an anterior open-bite, something that they believe will be minimal with TDJD. 
Both Kreutziger and Mahan (1975a) and Moffett (1962) state that with RA the joint tends to 
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ankylose or fuse. The exact stimulus to this inflammatory disease is unknown (Akeson et al., 
1995; Blackwood, 1963; Neville et al., 1995; Soames & Southam, 1985). It is not as 
common as DID as it affects only about 3% of people in the United States, and of these the 
TMJ eventually becomes involved in 75% of cases (Neville et al., 1995). 
As the name suggests, IA of the TMJ arises from a bacterial infection, which results in 
specifically localised degeneration at the site of the infection. This infection may have 
occurred either locally to the site of disease, or extrinsically, where the infection occurred 
outside the affected joint but ended up in the diseased site by way of the lymphatic system 
and/or the bloodstream (Kreutziger & Mahan, 1975b). The resulting destruction of the joint 
therefore depends upon the virulence of the invading organisms (Kreutziger & Mahan, 
1975b ). When the virulence of the invading organisms is high the affected joint can undergo 
ankylosis like that experienced with RA (Shafer et al., 1983). The occurrence of IA in the 
TMJ is rare (Soames & Southam, 1985). 
2.5.1 TEMPOROMANDIBULAR DEGENERATIVE JOINT DISEASE 
DID has been described in chapter 1 as a non-inflammatory disorder of synovial joints 
which causes the destruction of cartilage and the deterioration of the articulating surface layer 
of bone with concurrent changes in the subarticular surface layer (Kopp et al., 1976). 
Likewise, its prevalence, diagnosis, and the possible aetiologies of TDID in prehistoric 
Polynesians have also been explained in chapter 1. What has not been fully addressed is why 
the various aetiologies outlined in chapter 1 have been proposed to cause TDID and the 
arguments for and against these aetiologies. This is now addressed with an analysis of the 
proposed role of the dentition in the aetiology of TDID. 
2.5.1.1 The role of the dentition and related factors in TDJD 
The dentition has been implicated by a number of authors as having an aetiological role 
in the development of TDID (Griffin et al., 1979; Richards & Brown, 1981; Sheridan et al., 
1991). Of these there are five proposed dental related aetiologies; tooth loss, tooth attrition, 
malocclusion, dental caries, and inflammation or infection of the alveolar bone. 
Tooth loss 
The concept of tooth loss as an aetiological factor in the pathogenesis of TDID appears 
to have originated from the anatomical experimentation of Prentiss (1918) and via theoretical 
contributions by Summa (1918). This concept is based upon the notion that when the 
dentition is in perfect condition and occluded, the condyles are separated from the temporal 
surfaces, which relieves the articular disc from pressure and atrophy (Prentiss, 1918). If 
however, teeth are lost, then this occlusal balance is violated and the TMJ is subject to 
corresponding changes (Prentiss, 1918). Two decades later Harris (1938) described a 
positive correlation between the extent of tooth loss and condylar changes from an autopsy 
examination of 100 cadavers. 
This finding is supported in the autopsy study by Moffett et al. (1964) who detail from 
their observations on 34 human cadavers that TMJ degenerative changes are more frequently 
observed in edentulous individuals. Autopsy studies by Axelsson et al. (1987), and Oberg et 
al. (1971) as well as prehistoric/historic skeletal studies by Granados (1979), Webb (1995), 
and Whittaker et al. (1985a) have also found a relationship between the loss of teeth and TMJ 
degenerative changes. More specifically, many skeletal examinations by authors such as; 
Mangini (1972, 1977) on contemporary populations, and Bergman and Hansson (1979), 
Griffin et al. (1979), and Sheridan et al. (1991) on historic populations, detail on the basis of a 
positive association between tooth loss and TMJ degeneration from their results, that the loss 
of teeth especially in the premolar-molar region is related to TMJ pathological or 
morphological changes. 
Supporting these findings, Kawashima et al. (1997) compared the bony structure of the 
TMJ between dentulous and edentulous specimens. They found that the condylar head and 
posterior slope of the articular eminence showed thinner and less dense trabeculae in the 
edentulous individuals than the dentulous individuals. This again indicates that tooth loss 
results in changes in joint morphology and that individuals with severe tooth loss would be 
more likely to have pathological changes in response to functional loading than individuals 
with a full complement of teeth. However, the notion of tooth loss affecting the TMJ is not 
accepted by all researchers. 
Wedel et al. (1978) failed to find a statistically significant association between tooth loss 
and TMJ changes from an examination of 96 condyles and 89 temporal components of 
medieval human skeletal remains. However, they believe that their result may be suspect as 
only a few teeth were lost in their experimental sample, and because teeth that were lost did not 
appear to have been lost for a long time. Overall they believe that their results "seem to 
corroborate the previous findings of an association between tooth loss and TMJ changes even 
if a statistical significance could not be established" (Wedel et al., 1978: 184). In more recent 
publications Hodges (1991) determined that tooth loss in her sample of ancient British skeletal 
material failed to show a statistically significant association with TDJD when tooth attrition and 
age were included in the analysis. Similar findings on prehistoric skeletal material were found 
by Visser (1994a,b) on prehistoric Fijian remains (section 1.3), and Widmalm et al. (1994) 
also failed to find a positive correlation between tooth loss and TMJ pathology in their autopsy 
sample of 248 TMJ' s. 
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Even more recently, Ciancaglini et al. (1999) examined the association between the loss 
of occlusal support and TMJ dysfunction in 300 female and 183 male individuals from Italy, 
by clinical examination. They failed to find a positive correlation between the loss of teeth and 
TMJ dysfunction, concluding that the loss of occlusal support is not a primary aetiological 
factor in TMJ dysfunction. 
It is apparent that the majority of literature is in support of tooth loss having an 
aetiological role in TMJ pathology. Therefore, tooth loss appears to be a likely causative 
factor in TDJD, but the extent to which it perpetuates these changes is as yet, unknown. 
Tooth attrition 
The original notion of tooth attrition being an aetiological factor in TDJD appears to 
have evolved with Harris (1938) who examined 100 dissected human TMJ's. In this paper 
Harris describes a relationship between severe tooth attrition and condylar changes. This 
concept of tooth attrition affecting the TMJ resurfaced again through the findings of Moffett 
(1962) involving skeletal examinations of archaic Indian skulls. In reference to his findings 
(Moffett, 1962: 94) states: 
"The occurrence of primary osteoarthritis due to overuse is clearly seen 
in archaic Indian skulls. Associated with a diet of raw food, mostly fresh-
water mussels contaminated with grit and sand, these skulls are characterised 
by extreme dental attrition and show a high rate of temporomandibular 
osteoarthritis, 41 per cent". 
This finding by Moffett (1962) is supported by Brown (1965: 130) who states in 
reference to the results of Moffett (1962) that: 
"Similar gross changes are shown in ... a series of Australian Aboriginal 
skulls. Such changes, which usually accompany marked tooth attrition, 
probably result from a response of bone to pressure and represent a form of 
degenerative osteoarthritis". 
These conclusions lead to an increase in the amount of research from the mid 1970's 
onwards into the relationship between tooth attrition and TMJ pathology. In 1975 Mongini 
described a significant correlation between condylar remodelling and tooth attrition from an 
examination of 100 modem skulls. In the following year, Seward (1976) published a skeletal 
paper which implied that tooth attrition was indeed associated with TMJ degeneration from his 
findings on 155 adult pre-European Australian Aborigine skulls. Later in 1978, Wedel et al. 
described a positive association between the degree of dental attrition and surface and shape 
changes in the TMJ from a sample of 48 Swedish medieval skulls. Likewise, Griffin et al. 
(1979: 94) from a total of 348 cranial remains from a variety of ancient populations from 
across the globe found that: 
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"Cultures exposed to more stringent living conditions and with well-worn 
teeth had about twice the incidence of osteo-arthritis as the more 
sophisticated cultures". 
Further supporting this argument of dental attrition having an aetiological role in TMJ 
degeneration the publications by Bergman and Hansson (1979), Richards and Brown (1981), 
Granados (1979), Owen et al. (1991), and Richards (1988, 1990), based on research on 
skeletal material, all indicate on the basis of a positive correlation between tooth wear and TMJ 
degeneration, that a relationship between dental attrition and TMJ pathology exists. However, 
despite the many researchers who support dental attrition as an aetiology of TDJD, many 
others do not. 
Whittaker et al. (1985) analysed the dentition of a large medieval European population 
and concluded that dental attrition did not show a statistically significant correlation with 
condylar form and surface change. However, they proposed that perhaps morphological 
changes in the TMJ may be related to specific patterns of tooth use. Likewise, the skeletally 
oriented research of Eversole et al. (1985) on 40 contemporary American skulls failed to find a 
primary relationship between the degree of dental attrition and TMJ degeneration. 
Additionally, the paleopathological work of Sheridan et al. (1991) failed to establish a 
statistically significant relationship between tooth attrition asymmetry and TMJ degeneration 
from an archaeological sample of 122 adult Medieval crania from Nubia. 
A more recent skeletally oriented paper by Matsuka et al. (1998) was designed to test 
the relationship between dental attrition and TMJ degeneration. Instead of using human 
material, they used the Japanese macaque. This was because these authors believed that 
previous results from studies utilising human material were flawed as they did not make 
conclusive results regarding aetiology and because the human material examined in these 
studies were from differing environmental conditions and are thus, not homogeneous. 
Therefore, by using the Japanese macaque instead of human material Matsuka et al. (1998) 
believed that they were avoiding the proposed flaws of using human material as the macaque 
sample had a controlled diet, environment, and age at death. From this animal material 
Matsuka et al. (1998) concluded that age, rather than dental attrition was related to TMJ 
osseous changes. However, I believe that the results of this study are flawed as Matsuka et al. 
(1998: 691) state that: 
"we could not differentiate pathologic osteoarthrosis from reactive 
processes due to ageing". 
If they could not determine DID from the natural bony changes that occur with ageing 
then how can one expect to find a correlation between tooth attrition levels and actual 





In the same year Wedel et al. published a paleopathological paper on the relationship 
between tooth attrition and TMJ degeneration in a sample of 69 adult Swedish skulls from the 
17th century. This sample displayed extensive tooth attrition, which was apparently due to the 
consumption of tough fibrous food, but a low prevalence of TDJD. From this these authors 
state that a relationship between tooth attrition and TDJD was not evident, proposing that the 
adaptive responses seen in the TMJ' s examined was the result of heavy masticatory function 
or biomechanical loading. Therefore, it is evident from a review of the literature that the 
notion of dental attrition having an aetiological role in TDJD is contentious, but at the present 
time there appears to be more authors supporting the idea than not. 
Malocclusion 
Malocclusion is defined as an improper relationship between opposing teeth when the 
teeth are maximally occluded. This can result from a number of factors including: tooth loss; 
the degree of tooth attrition; and developmental or congenital abnormalities where an individual 
could show condylar hyperplasia, hypoplasia, or aplasia, mandibular asymmetry or 
displacement, supernumerary teeth, congenital tooth absence (where a tooth or teeth never 
develop), rotated teeth, or even teeth of different sizes and positions. A review of the relevant 
developmental or congenital anomalies that can affect the TMJ are discussed in section 2.5.2. 
It seems logical that if the level of tooth attrition and/or tooth loss are supported in a 
publication as having an aetiological role in TMJ degeneration, then malocclusion must as 
well. Therefore, all publications that support either tooth attrition or tooth loss as an 
aetiological factor in TMJ pathological changes also support malocclusion as a factor. 
Overall, when one examines the relationship between all three dental related factors 
described above and TMJ changes in the literature, it is apparent that the dentition is implicated 
by most authors as having an effect on the TMJ, whether morphological or pathological. 
Although some authors refute the idea of either tooth loss, dental attrition, or malocclusion 
assisting in the pathogenesis of TMJ degeneration (as described above), it does appear that the 
dentition is involved, but the extent to which the dentition mediates these changes is subject to 
debate until clarified by further research. 
Dental health 
Dental caries and inflammation or infection of the alveolar bone could affect the 
occurrence of TDJD, as these conditions when severe or chronic would make mastication on 
the side or area of involvement painful. This means that the affected individual would 
predominantly chew on the contralateral side of the mouth to the site or area of involvement, 
creating an increased chance of DID occurring in the TMJ on the contralateral side to the 
predominant side of mastication (Sheridan et al., 1991). This is because mastication on one 
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side of the mouth normally affects the contralateral TMJ (Rylander, 1975, 1979; Sheridan et 
al., 1991; Throckmorton & Dechow, 1994), although Ferrario and Sforza (1994) have 
demonstrated that in some cases the working-side joint is loaded more than the balancing-side 
joint. This appears to be due to "the relative distribution of forces in masticatory muscles, and 
by the level of biting force" (Ferrario & Sforza, 1994: 174). However, in general it appears 
that mastication on one side of the mouth would usually affect the contralateral TMJ due to 
excessive loading. Therefore, the occurrence of either chronic dental caries, or 
inflammation/infection of the alveolar bone may affect the amount of DID in the TMJ on the 
same side as the dental condition or conditions. 
A review of the literature revealed that the 1991 paleopathological publication by 
Sheridan et al. on 122 medieval Nubian adult crania is the only previous publication that has 
addressed the effects of these dental factors on the occurrence of TMJ pathology. This paper 
shows that individuals with TMJ degenerative changes had fewer carious lesions and 
abscesses than those without TMJ pathological changes. However, Sheridan et al. (1991: 
204) found their results "not surprising given the expected delay between disruption in 
mastication and resultant bony changes at the TMJ". In other words, they believe that in order 
for these active dental pathologies to create a unilateral mastication preference which would 
affect the amount of degeneration in the contralateral TMJ, the dental pathologies would need 
to be present for a long period of time, but the mean age of death for their sample was only 
around the mid 30' s. 
Another possible aetiological factor in the evolution of TDJD that has not been 
implicated previously in the literature is chronic periodontal disease. Chronic periodontal 
disease may alter the occurrence of TDJD because it can ultimately result in tooth loss 
(Cawson, 1991), a proposed aetiology in TMJ degeneration. However, the occurrence of 
periodontal disease was not addressed in this study, as its diagnosis in both the autopsy and 
anthropological literature is controversial as all known diagnostic techniques developed have 
potential problems (Hildebolt & Molnar, 1991), and because previous research by Houghton 
(1975, 1978) and Olsen (1981) have suggested that the occurrence of periodontal disease is 
unusual in the prehistoric New Zealand Maori. 
2.5.1.2 Morphology and biomechanical loading 
As highlighted in chapter 1, both morphology and biomechanical loading have been 
implicated as having possible roles in the pathogenesis of TDJD. As an examination of the 
morphology of each individual was not conducted in this study, how morphology may affect 






Richards (1988, 1990) found a positive association between the facial morphology of 
an individual and the distribution and level of tooth attrition, a proposed aetiology of TDJD. 
In support of this, Hinton & Carlson (1979) observed variations in TMJ size and form 
between hunter-gatherer and more modem agriculturally based skeletal populations from 
Nubia. This was attributed as being caused by a: 
"reduction in masticatory muscle robusticity and resultant changes in 
craniofacial form which have been documented for the transition from a 
hunting and gathering to an agricultural subsistence in Nubia" (Hinton & 
Carlson, 1979: 325). 
Likewise, Burke et al. (1998) found that facial morphology correlated to condylar head 
inclination and superior joint space. In other words, changes in the size and shape of the facial 
bones result in changes to the angle of the condylar head and corresponding changes to joint 
space. 
Furthermore, skulls can be asymmetric, even those in healthy individuals. Huggare and 
Houghton (1995), Pirttiniemi and Kantomaa (1992), Shah and Joshi (1978), and Williamson 
and Simmons (1979) all demonstrate that in healthy individuals the mandible was consistently 
longer on the left than the right, while both Farkas and Cheung (1981) and Melnik (1992) 
have found the reverse. Pirttiniemi et al. (1991) and Pirttiniemi and Kantomaa (1992) have 
also found that the right mandibular fossa was located more postero-laterally than the left. As 
the skull can be asymmetric then perhaps so could pathological lesions, as one would expect 
the load forces applied to each joint in asymmetric skulls to be different, unless the reason for 
the asymmetry was to balance the head. Supporting this, Christensen and Radue (1985a) 
concluded that mastication exhibited a preference slightly in favour of the right hand side. 
Other studies such as Rylander (1975, 1979) and Throckmorton and Dechow (1994) have 
demonstrated that with unilateral biting the contralateral or balancing side TMJ is usually more 
heavily loaded. Therefore, the findings of Christensen and Radue (1985a) further indicate that 
pathological changes of the TMJ may be asymmetrical in distribution and suggest that they 
may also have a localised distribution on the affected mandibular condyle and fossa. 
Supporting this notion, autopsy studies by Hansson and Oberg (1977) and Oberg et al. (1971) 
have found that the lateral half of the TMJ is more affected by degeneration than the medial 
half. 
Regarding the proposed impact that biomechanical loading has upon the TMJ and its 
relevance to perpetuating TMJ pathology, both Kreutziger and Mahan (1975b) and Richards 
(1988) concluded from an analysis of the literature that the most likely aetiological factor in the 
pathogenesis of TDJD appears to be abnormal or repetitive impulse biomechanical loading as a 
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consequence of diet. Likewise, Moffett (1966: 414) without experimental validation, states 
that: 
"Articular remodeling is the morphologic adaptation that occurs in a joint 
in response to the mechanical stresses imposed on the joint during function ... Any 
condition which imposes an excessive functional load upon the joint, or which 
alters the metabolic response of the joint, can destroy this equilibrium between 
form and function ... When the equilibrium is lost, the normal remodeling process 
becomes uncompensated or destructive in nature, resulting in the pathologic 
changes known as degenerative joint disease, or osteoarthritis". 
This general idea alluded to by these three publications, that biomechanical loading is 
involved in the pathogenesis of TMJ degeneration, although unsupported by their own 
research, is supported in the research of a number of authors. 
Autopsy research by Oberg et al. (1971) details that 22 of the 102 adult human TMJ's 
examined had both surface and shape changes. Of these 22 joints, 13 showed a lateral 
localisation of arthritic changes at some region within the joint, while five showed a central 
localisation. There was no medial localisation of arthritic changes in any of the joint 
components. On the basis of these results the authors concluded that these localisation 
differences in arthritic conditions must be the result of differences in functional loading upon 
the various regions of the joint. Likewise, Wedel et al. (1998) as discussed in section 
2.5 .1.1, examined a 17th century Swedish population and found that this particular population 
had high levels of tooth attrition, but low levels of TMJ degeneration. From this, these 
authors propose that the degeneration encountered resulted from heavy masticatory function or 
biomechanical loading. 
More recently, Israel et al. (1999) concluded from the results obtained from 
arthroscopies of 83 patients and 124 joints, that there was an association between 
parafunctional (or no~-productive) masticatory activity and clinically diagnosed TMJ 
osteoarthritis. From this the authors further concluded that, "It is clear that excessive loading 
on articular tissues is one of the causative factors that must (sic) identified and addressed by all 
clinicians treating patients with TMJ pathology" (Israel et al., 1999: 1039). Again therefore, 
like the previous papers detailed above, the results of this clinical paper imply that 
biomechanical loading appears to have a relationship with TMJ degeneration. Therefore, it is 
evident from a review of the literature that the notion of biomechanical loading having an 





2.5.1.3 Diet, culture, and geographical provenance 
There are three other proposed dental related aetiologies for TDJD, these being diet, 
culture, and geographical provenance. Regarding dietary effects, it is clear that the type of diet 
consumed alters the level of tooth attrition (Molnar, 1971, 1972), as well as the dental health 
(Campbell, 1939; Leigh; 1925; Visser, 1994a) and/or the extent of tooth loss (Taylor, 1963, 
1970, 1991). Furthermore, Tuominen et al. (1993) concluded that the type of diet consumed 
alters the functional stress on the TMJ and ultimately its morphology. As illustrated in the 
preceding paragraphs, tooth attrition, tooth loss, inflammation or infection of the alveolar 
bone, morphology, and biomechanical loading appear to be aetiological factors in TMJ 
pathology. Therefore, as the type of diet consumed alters these factors it is obvious that diet 
has an aetiological role in TDJD. 
The role of culture in perpetuating TDJD is very similar to the affects of diet described 
above: In fact, cultural restraints can alter the type of diet consumed. Molnar (1971) found a 
positive correlation between culture and tooth attrition. He proposed that "cultural differences 
such as food preparation techniques and technological activities are among the basic factors 
accounting for the variation in the amount of dental attrition" (Molnar, 1971: 187). If cultural 
effects do alter the amount of dental attrition as Molnar (1971) believes, then evidently cultural 
effects may alter the morphology of the TMJ and possibly the amount of TDJD. This 
relationship between culture, dental attrition, and TDJD is clearly shown in the 1979 paper by 
Griffin et al. where cultures that were exposed to harsher living conditions showed a higher 
level of tooth attrition and almost twice the prevalence of TDJD as other 'more sophisticated' 
cultures. Furthermore, some cultures practised tooth shaping or tooth removal, while other 
cultures used their teeth for industrial purposes which resulted in increased tooth attrition 
(section 1.2). Therefore, cultural factors can alter both the type of diet consumed and the 
condition of the dentition and hence, culture also appears to have an aetiological role in TDJD. 
As geographically separated populations can have different food resources and cultural 
influences, both of which have been previously shown to have an aetiological role in the 
occurrence of TDJD, then provenance must as well. As discussed in chapter 1, the cultural 
practices of the prehistoric Maori and Moriori were similar as was the type of diet consumed, 
although the Moriori did not have access to the softer cultivated foods like (yams, taro, 
kumara, and hue) as the Maori (Buck, 1952; King, 1989). This suggests that differences in 
the occurrence of TMJ degeneration between the Maori and Moriori would most likely be 
related to dietary differences rather than cultural differences. Furthermore, geographically 
separated populations can also have different gene pools, and genetic predisposition have been 
proposed to alter the occurrence of degenerative diseases in joints (as discussed in the 
following section). As the prehistoric Polynesians are genetically and morphologically 
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homogeneous (Houghton & Kean, 1987; Sykes et al., 1995), any genetic differences or 
predispositions that may alter the occurrence of TDID in the present study should affect the 
majority of the sample. Perhaps the best support for geographical provenance affecting TMJ 
degeneration in a skeletal population is the 1988 publication by Richards. In this paper two 
neighbouring but geographically isolated Australian Aborigine populations were found to have 
different levels of tooth attrition and prevalences of TMJ pathological changes. 
2.5.1.4 Genetic predisposition 
Genetic predisposition has been implied in the clinical text by Freidman & Weisberg 
(1985) to be a major aetiological factor in TDID. However, the authors of this text fail to 
reference any supporting literature and they also fail to conduct any experimentation which 
would support their statements. A review of the literature by Cicuttini & Spector (1996) 
reveals that there is a large body of literature that suggests that genetic factors have a major role 
in DID, but which genes are responsible for the predisposition are as yet, unknown. In the 
same year Spector et al. published a clinical paper which examined the genetic influences of 
DID in women with the use of twins. In this study 130 identical and 120 non-identical female 
twins of between 48 and 70 years of age were examined radiographically for DID in their 
hands and knees. Their results demonstrate that a clear genetic influence in the occurrence of 
DID in these joints was apparent with the actual genetic influence ranging from 39-65%. 
Further review of the literature supporting a genetic influence of DID through twin studies has 
been recently conducted by MacGregor & Spector (1999). Therefore, from a review of the 
literature genetic or hereditary predispositions do appear to be a likely causative factor in TDID 
or other pathological changes, but the extent to which it perpetuates these changes and the 
exact genes involved are as yet, unknown. 
2.5.1.5 Trauma 
Bauer (1941) appears from a review of the literature to be one of the first authors to 
directly find a relationship between trauma and TDID. Bauer examined 42 autopsied human 
TMJ' s microscopically and determined that functional trauma to the articular cartilage in the 
TMJ assists the pathogenesis of TDID. Moffett et al. (1964) found, from a histological 
examination of 34 dissected human TMJ' s, that damage to the articular disc results in articular 
remodelling and ultimately TDID. Both of these papers therefore support trauma as having an 
aetiological role in TDID. A more recent clinical publication by Lekkas (1994) attempts to 
elucidate whether it is damage to the articular cartilage or damage to the articular disc which 
first results in TMJ degenerative changes as this question is still unresolved 30 years later. In 
an attempt to answer this question the author used a sample of rats that were divided into two 
groups. The first group was composed of ten rats where their condylar cartilage was 
damaged, while the remaining 50 rats of the second group had their articular discs damaged. 






All rats were then killed three months later. From this assay the author concluded that damage 
to the articular disc appeared more likely to cause TMJ degenerative changes than damage to 
the articular cartilage. Although the results of this paper were not fully assessed as the author 
states, the results do indicate that trauma is involved in TMJ degeneration. 
2.5.1.6 Sex 
Only three skeletal publications found a statistically significant correlation between the 
sex of an individual and TMJ degeneration. The skeletal publications of Merbs (1983) on a 
Canadian Inuit population and Sheridan et al. (1991) on a medieval Nubian population showed 
that females had significantly higher proportions of TMJ degenerative changes than their male 
counterparts. This corresponds to the results depicted in the clinical literature, where many 
clinical publications like Zarb and Carlsson (1999) detail that TDJD mainly affects women. In 
contrast, Visser (1994a,b) on a prehistoric Fijian population concluded that males were more 
frequently and severely affected by TDJD than the females (section 1.3). However, other 
publications have failed to find differences in the occurrence of TMJ pathology between sexes. 
Both autopsy studies by Widmalm et al. (1994) and Oberg et al. (1971), as well as the 
paleopathological papers by Hodges (1991) and Richards and Brown (1981) did not find a 
statistically significant correlation between sex and TMJ degeneration. However, all of these 
papers, except that of Richards and Brown (1981), did show results that implied females are 
more affected by TDJD than males, just not significantly so. Contrary to these results 
however, the autopsy study by Kopp et al. (1976) failed to find a statistically significant 
correlation between the sex of an individual and TMJ degenerative disease, or even any 
indication that females may be more affected by TDJD than males or vice versa. Therefore, it 
is evident from a review of the literature that the occurrence of TDJD can be different between 
sexes with females generally being more frequently affected, but this is not always the case. 
Because of this, many researchers including Abubaker et al. (1993) and Campbell et al. 
(1993) have addressed the possible relationship of hormonal differences between the sexes to 
the structure and degeneration of the human TMJ. What is apparent from a review of the 
literature that examines the role of hormones in disorders of the TMJ, is that the results of 
some research like that of Abubaker et al. (1993) support the notion, while the results of 
others like Campbell et al. (1993) do not. However, earlier research by Aufdemorte et al. 
(1986) and Milam et al. (1987) on baboons have documented evidence of hormonal influence 
in the TMJ' s of the females only. Therefore, it appears that the notion of TMJ disorders being 
regulated by hormonal activity is contentious, particularly in human studies, but it does appear 
when animal studies are considered, that an association between TMJ diseases and hormonal 






In 1963 Blackwood published a histological paper detailing that TDID was rare before 
50 years of age where its prevalence then increased proportionally with age in his sample. He 
also stated that out of the 400 TMJ's examined, DID was apparent in approximately 40%. 
However, there was no acknowledgement by the author whether the joints examined were of 
the same ethnicity and he also failed to give details of the age structure of the sample or to test 
the results statistically. The neglect of the author to include these necessary factors in his 
publication significantly compromises the validity of his research and his research can 
therefore not be used as evidence that the prevalence of TDID increases with age. 
In two more recent publications, Richards (1988, 1990) examined two Aboriginal 
populations from Australia for degenerative changes in their TMJ's. In both Richards 
concluded that there was a positive correlation between the age of the individual and the 
prevalence of TMJ degenerative lesions in both tribes. This result is supported in the work of 
Hodges (1991). In this paleoanthropological paper, Hodges examined five separate British 
skeletal populations of varying historical ages for the prevalence of TDJD. From her results 
she concluded that in all five skeletal populations age showed a significant association with the 
incidence of TDID. Likewise, Widmalm et al. (1994) found a significant association between 
age and TMJ degeneration from an autopsy study of 248 TMJ's and Webb (1995), from an 
examination of six different Australian Aborigine skeletal populations, deduced that TMJ 
degeneration showed a correlation with age also. Furthermore, as previously discussed in this 
chapter, Matsuka et al. (1998) also found a positive relationship between age and TMJ 
osseous changes, but as they could not determine DID from reactive processes due to ageing, 
of course they would find a positive correlation between ageing and osseous changes, which 
compromises the validity of their findings. Despite the number of publications whether 
clinical or anthropological that support age as an aetiological factor of TDID, not everyone 
found a positive correlation in their studies. 
Richards and Brown (1981) from a sample of 101 Australian Aboriginal skulls 
concluded that age was not an aetiological factor of TDID and Sheridan et al. (1991) did not 
find a significant association between age and TMJ degeneration from an examination of 122 
historic Nubian crania, although these latter authors acknowledge that there was an observable 
relationship between the two. Therefore, it is clear from a review of the literature that age is 
involved in the pathogenesis of TDID but the extent to which it perpetuates TMJ degeneration 






2.5.2 CONGENITAL OR DEVELOPMENTAL ABNORMALITIES THAT CAN 
AFFECT THE TMJ 
Congenital or developmental anomalies that can affect the TMJ are rare, with those 
affecting the mandibular condyles having either a unilateral or bilateral distribution (Moffett et 
al., 1962). There are a number of congenital or developmental anomalies that may affect the 
TMJ including: mandibular agenesis or agnathia (where there is incomplete or total absence of 
the mandible); micrognathia (a decrease in size of the mandible); zygomatic-coronoid 
ankylosis; temporomandibular ankylosis; prognathism; bifid condyle; condylar aplasia (lack of 
development), hyperplasia (an abnormal increase in size of the condyle), or hypoplasia 
(incomplete or underdevelopment of the condyle ); and the dental anomalies of congenital tooth 
absence, micro/macrodontia (a decrease/increase in tooth size), supernumerary teeth, 
disturbances in the shape or structure of teeth, growth or eruption disruptions of teeth, 
retention of deciduous teeth, and also rotated or misplaced teeth (Beeching, 1978; Hillson, 
1996; Shafer et al., 1983). However, only bifid condyle, supernumerary teeth, congenital 
tooth absence, and rotated or misplaced teeth will be addressed in this section, as these 
anomalies are the most common and therefore the most likely to be encountered in the sample 
studied. 
Bifid (or double-headed) condyle is a developmental abnormality where the condylar 
head has two articular facets that are divided by a depression or groove (Kreutziger & Mahan, 
1975b). This condition was first reported by Hrdlicka in 1941 where the skeletal remains of 
twenty-one individuals from a variety of populations showed bifid condyle; eighteen 
unilaterally and three bilaterally. Hrdlicka (1941) found that the occurrence of bifid condyle 
did not appear to be related to either sex or ancestry, proposing that perhaps the occurrence of 
this grooving was caused by the presence of a blood vessel in the condylar cartilage during 
development which obstructed the ossification of the condyle in this region creating a groove. 
In 1957 Blackwood from an histological examination of twelve human skulls from full term to 
two years old deduced that by approximately twenty weeks of age a well-vascularised fibrous 
tissue septa exists in the condylar cartilage which persisted until nineteen months of age. 
Blackwood and many subsequent authors addressing the occurrence of bifid condyle like 
Moffett (1966), believe that a continuation of this septum into adult life may create the 
abnormality. However, a later publication by Gundlach et al. (1987) failed to find any 
indication that such a septum exists in the rat embryo. Instead these authors believe that bifid 
condyle is a disorder resulting from abnormal embryonic development where a combination of 
a teratogenic agent and maldirection of muscle fibres influences the bone formation. Other 
authors such as Poswillo (1972) and Lund (1974) believe that bifid condyle is caused by 
trauma. However, Hrdlicka (1941) concluded from the sample of twenty-one individuals with 















in fifteen previously documented clinical cases from a number of authors by Loh & Yeo 
(1990) found that trauma was only associated with bifid condyle in one of the fifteen cases. 
Therefore, it is evident from a review of the literature that the aetiology of bifid condyle is 
contentious. All that can be reliably ascertained is that the aetiology of bifid condyle is 
developmental in origin and that it does not appear to be related to sex, ancestry, or age. 
The aetiology of the dental anomalies of extra, missing, rotated, and misplaced teeth is 
much less debated. The general consensus in the literature is that these abnormalities have a 
developmental or congenital basis, and hence the aetiologies of these dental anomalies will not 
be addressed further in this section. 
As detailed in section 2.5.1.1 of this chapter, tooth loss has been proposed by a number 
of researchers to be an aetiological factor in the pathogenesis of TDJD. If this is the case then 
the presence of congenital tooth absence would likewise affect the occurrence of TMJ 
pathology. Furthermore, the occurrence of any of these dental anomalies would alter the level 
of occlusion between adjacent teeth. If the latter is true, then the presence of any of these 
dental anomalies may also affect the occurrence of DID or other pathologies in the TMJ. 
2.5.3 MULTIFACTORIAL AETIOLOGY OF TDJD 
As acknowledged in section 1.1.1, the general consensus is that the causes of both 
TDJD and TMJ dysfunction are multifactorial (Bergman & Hansson, 1979; de Bont et al., 
1985a; Richards, 1988). How the various proposed aetiologies relate to each other resulting 
in the occurrence of TMJ degeneration is illustrated in Figure 2.12. As is evident in this 
diagram, provenance, genetic effects, age, and trauma are the only aetiologies that have no 
external variables acting upon them. To understand why the aetiology of TDJD is 
multifactorial one only needs to examine the effects of diet and culture on TDJD. From this 
diagram and the discussion in section 1.2, it is evident that sex differences can influence 
cultural practices, which in tum is governed by genes. Culture, like provenance, can control 
the type of diet consumed (section 2.5.1.3), which as previously discussed, effects both the 
dental conditions and the level of biomechanical loading on the TMJ. However, culture can 
also act directly on the dentition as some cultures practiced tooth shaping or ritualised tooth 
ablation, which alters the level of tooth attrition, the prevalence of tooth loss, and consequently 
the degree of occlusion and possibly even the prevalence of inflammation or infection of the 
alveolar bone. Therefore, any attempt to examine the relationship between a proposed 
aetiology and the occurrence of TMJ pathology must take into account all variables that may be 
either acting upon the aetiology examined, or directly upon the TMJ itself. Failure to address 
the multifactorial aetiology of TDJD may therefore alter the results and thus conclusions 




reasons why so much controversy and uncertainty prevails in the literature as to how the 




Figure 2.12. A flow diagram illustrating the relationship of proposed aetiologies of 
TDJD to each other. The direction of the arrows indicates the direction of effect. The 
dashed line from sex to TMJ degeneration highlights the possible hormonal 
relationship as discussed in section 2.5 .1.6. 
SUMMARY OF THE PROPOSED AETIOLOGIES FOR TDJD 
It becomes apparent that dental related factors, morphology, biomechanical loading, 
trauma, genetic predisposition, sex, and age, are all supported by a number of authors to be 
involved in the occurrence of TDJD. However, it is also clear that all of these proposed 
factors except biomechanical loading, trauma, and genetic or hereditary predisposition are not 
unanimously supported as having an aetiological role in TDJD. The conjecture and uncertainty 
that prevails within the literature as to how each of these factors assist in the pathogenesis of 
TDJD and the extent to which each of these factors do assist, highlights the need for further 
research into the aetiology of TDJD in all fields of investigation, that is; clinical, anatomical, 
skeletal, genetic, biomechanical, and histological. Interestingly, it is evident from a review of 
the literature that the maj01ity of research into the relationship between dental related factors 
and age with TDJD is by skeletal or autopsy studies. These proposed aetiologies in particular 
need more research from clinical, anatomical, and histological viewpoints if the relationship of 
each of these factors to TDJD will ever be clarified. 
3 Materials and Methods 
3.1 MATERIALS USED 
The sample used in this study was of prehistoric Polynesian skeletal remains from New 
Zealand and the Chatham Islands. The original sample examined included 187 prehistoric 
Polynesian skulls from the skeletal collection held at the Department of Anatomy and 
Structural Biology, University of Otago, Dunedin, New Zealand. 
From the original 187 skulls, 98 were excluded. The reasons for their exclusion 
included: 18 had mandibles that did not belong to the associated skull; 13 were juvenile; 32 
were missing their mandibles and/or both fossae; 33 showed high levels of postmortem 
damage in either their mandibular condyles or fossae; one had a filling and was thus not 
prehistoric; and one individual did not appear to be Polynesian from the facial morphology of 
the skull. The resulting sample therefore comprised 89 individuals, ten prehistoric Moriori 
from the Chatham Islands and 79 prehistoric Maori from New Zealand. The geographical 
regions where 77 of the skeletal remains were found is presented in Figure 3 .1. The 
geographical location of the remaining 12 individuals was unknown. The catalogue number, 
race, and provenance of all 89 individuals studied are presented in Appendix 1. 
Of the 77 individuals that have a known geographical location at death, ten are Moriori 
and 67 are Maori, the latter of which can be divided into 49 South Island Maori, 16 North 
Island Maori, and two Stewart Island Maori. For the purposes of this study Stewart Island 
Maori were included in the South Island Maori total. All 77 of the individuals with known 
geographical provenances at death were further subdivided into coastal and inland populations. 
As demonstrated in Figure 3.1 there were six inland Maori from the South Island, but only 
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Figure 3.1. A map of New Zealand and the Chatham Islands showing the various 
regions that 77 individuals from the sample studied occupied at time of death. The size 
of the red dots is representative of the number of individuals found in each region. 
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3.2 METHODS USED FOR RECORDING TMJ PATHOLOGY 
The methods used for assessing TMJ pathological changes were applied to both joints 
of each individual when available. 
3.2.1 THE TMJ PATHOLOGICAL CHANGE SCALING SYSTEM 
The pathological degeneration for each of the ten TMJ sections were classified under the 
following scales presented in Figures 3.2 and 3.3 for the fossae and condyles, respectively. 
The following scaling system was used instead of the commonly adapted system of Richards 
and Brown (1981), because it creates more specific results on the type and degree of 
pathological changes encountered within each section of the TMJ. 
0. Normal. Smooth osseous contours without erosion, or smooth osseous contours 
with up to a couple of very small pits being present. 
1.1 a. Some slight erosion of the cortical bone in the form of slight to very slight pitting. 
1.lb. Pitting present as either lots of small pits dispersed over region, or as some 
localised larger pits. 
1.1 c. Pitting present either as lots of larger foci present, or as larger foci present in 
association with an abundance of smaller pitting. 
1.2a. Slight erosion of cortical bone only. 
1.2b. Moderate erosion of cortical bone only, or widespread slight erosion of cortical 
bone. 
1. 2 c. Widespread erosion of cortical bone, or severe erosion of cortical bone. 
2 a. A slight change in the region's bony contour was evident. 
2 b. A noticeable change in bony contour was apparent and/or osteophytes are present. 
2 c. A severe change in bony contour was apparent and/or larger osteophytes are present. 
3 a. Slight ebumation was apparent. 
3 b. Moderate ebumation was apparent. 





Figure 3.2. Photographs of mandibular fossae viewed from the inferior aspect demonstrating 
the various types and levels of pathological changes. (A) a normal mandibular fossa. (B) 
slight pitting on the posterior slope of the articular eminence. (C) moderate localised pitting 
on the lateral aspect of the lateral posterior slope of the articular eminence. Some slight 
cortical bone erosion on the medial aspect of the medial posterior slope of the articular 
eminence is also evident. (D) severe pitting on the posterior slope of the articular eminence. 
(E) slight cortical bone erosion on the medial posterior slope of the articular eminence. (F) 
moderate cortical bone erosion on the posterior slope of the articular eminence. (G) severe 
cortical bone erosion covering the medial posterior slope of the articular eminence. (H) slight 
change in bony contour of the articular crest. (I) moderate bony contour change is visible on 
the articular crest and lateral posterior slope of the articular eminence. (J) severe bony contour 
change with associated pitting is present over the entire joint. 
Figure 3.3. Photographs showing a number of mandibular condyles with varying types and 
levels of pathological changes. (K) a normal mandibular condyle without degeneration. (L) 
slight pitting on the central aspect of the mandibular condyle. (M) slight to moderate pitting 
is evident over the entire condylar head in association with severe bony contour change and 
severe osteophytosis anteriorly. (N) widespread pitting of the condylar head in the form of 
larger pits with some associated smaller pitting. (0) slight cortical bone erosion is apparent 
on the antero-lateral region of the condylar head. (P) moderate cortical bone erosion present on 
the lateral region of the condyle surrounding the single large pit. (Q) severe cortical bone 
erosion is apparent along the central and postero-lateral regions of the condyle. (R) a slight 
depression or change in bony contour is apparent on the central region of the lateral regions of 
the joint in the shape of a V. (S) a slight osteophyte is apparent in the anterior rim of the 
antero-medial portion of the condylar head. (T) severe bony contour change and a very large 
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3.2.2 REGIONAL DIVISIONS FOR EXAMINING DEGENERATION IN THE 
MANDIBULAR FOSSA AND CONDYLE 
To establish the prevalence and distribution of TMJ pathological changes within the 
mandibular fossa, each fossa was divided into three regions. These were: the anterior glenoid 
tubercle slope (the posterior slope of the mandibular fossa); the posterior slope of the articular 
eminence; and the anterior slope of the articular eminence (Figure 3.4). The anterior 
postglenoid tubercle slope was defined as the slope between the squamotympanic fissure and 
the lowest point in the roof of the fossa. The posterior slope of the articular eminence was 
designated as the slope between the lowest point in the roof of the fossa and the most 
inferiorly projecting point or region of the articular eminence. The anterior slope of the 
articular eminence was separated from the posterior slope of the articular eminence by the most 
inferiorly projecting point or region of the articular eminence. A diagram of these slopes can 
be seen in Figure 3.4. 
Figure 3.4. A diagrammatic representation of the three major divisions of the 
mandibular fossa as viewed from the lateral aspect. 
In the clinical literature, TMJ pathological changes appear to predominantly effect the 
lateral aspect of the fossa (Hansson & Oberg, 1977; Oberg et al., 1971). For this reason the 
previous three sections were further sagittally divided into medial and lateral halves for an 
analysis of the localisation of pathological changes within the mandibular fossa. This resulted 
in the formation of six individual sections for each mandibular fossa as illustrated in Figure 
3.5. These six defined sections were; 
- a lateral anterior slope of the articular eminence (A) 
- a medial anterior slope of the articular eminence (B) 
- a lateral posterior slope of the articular eminence (C) 
- a medial posterior slope of the articular eminence (D) 
- a lateral anterior postglenoid tubercle slope (E) 





Figure 3.5. An inferior view of the mandibular fossa showing the six divisions. 
To determine both the prevalence and distribution of any pathological changes that 
affected the mandibular condyle, each condyle was coronally divided into anterior and 
posterior halves. As the mandibular condyle has been reported in the literature to be affected 
more frequently by degenerative changes laterally (Hansson & Oberg, 1977; Oberg et al., 
1971), each condyle was further sagittally divided into medial and lateral halves. The creation 
of these four individual sections enabled a more detailed analysis of the localisation of 
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Figure 3.6. A diagrammatic representation of the four regional divisions of the 
mandibular condyle as viewed from above (A) and (B) side on. 
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3.2.3 METHODS USED FOR RECORDING THE SEVERITY OF TMJ 
PATHOLOGY 
An overall severity level for both the fossa and condyle of each TMJ examined in this 
study was recorded. This enabled a clearer indication of the extent that degenerative changes 
affected each joint. It also created an easier way of comparing degenerative change levels 
between individuals. Furthermore, tabulating severity levels for both the condyle and fossa of 
each individual enabled a more simplistic and comprehensible way of comparing pathological 
change data with other variables (such as; age, sex, and dental factors), in order to elucidate 
possible relationships or correlations. Severity levels for both the fossa and condyle from 
each joint were recorded using the following system. 
To examine the level of degeneration or severity of each TMJ, the presence and degree 
of pitting, cortical bone erosion, and bony contour change/osteophytosis for each region of 
every condyle and fossa was examined. The presence of ebumation was not used as only four 
individuals out of the entire sample examined showed ebumation. As evident from the scaling 
system for pathological changes on the preceding pages of this section, the presence of pitting, 
cortical bone erosion, and bony contour change/osteophytosis was recorded under the severity 
levels; (a) slight, (b) moderate, and (c) severe. In other words, (a), (b), and (c) could also be 
referred to as (1), (2), and (3). It was the occurrence of each of these severity levels per 
region that was used to examine the overall severity level of pathological changes for each 
TMJ. Below in Table 3.1 is a tabulated form of exactly how this severity for each joint was 
calculated. 
Table 3.1 Severity level table for recording TMJ pathology 




The above table was utilised individually for each condyle and fossa examined. If either 
a fossa or condyle had one of the degenerative types outlined above in different regions, then 
these types were added together and divided by the number of times that they occurred. This 
resulted in a mean severity level of between O and 3. Where the resulting severity level 
obtained was a decimal of below 0.5, then the severity score was rounded down to the nearest 
whole number, if it was 0.5 or above then it was rounded up to the nearest whole number. 
When all severity scores for each type of degeneration per joint component examined were 




When using just these methods for calculating severity levels for each TMJ component, 
one becomes aware of a serious problem that could occur which would jeopardise the validity 
of results obtained. This problem is that some could be wrongly grouped into inappropriate 
severity levels. By this I mean that individuals who display severe levels of one type of 
degeneration over a number of joint regions, yet do not have any other forms of degeneration 
could receive a severity level of slight to moderate, which would not be a fair representation of 
the actual degeneration of the joint in question. For example, if the right fossa of a particular 
individual showed severe levels of pitting in all regions of the fossa, but no other types of 
degeneration, then the individual would receive a resulting severity level of '3' or slight for 
their right fossa. Yet, it is obvious that the entire joint is severely degenerated albeit in one 
form. To overcome this problem, if a fossa of an individual showed severe levels of 
degeneration of any kind over three or more different regions, then the degeneration of the 
joint will be classified as severe regardless of the other results for the joint, as half or more of 
the joint is severely degenerated. If three 3's were apparent in a fossa the severity level was 
assigned a score of 7, if four it was given an 8, and if five or six the severity level was classed 
as 9. This adjustment was also made on condylar severity scores, except in this case the 
occurrence of severe lesions in two or more different regions was classified as severe. If two 
regions of a condyle showed severe levels, then the severity level was assigned a score of 7, if 
three it was given an 8, and if all four regions did, then the resulting severity level was 9. 
If however, only two regions showed severe pathological changes in a fossa or one 
region in a condyle, then the resulting severity score was 5 or moderate regardless of the 
added severity result. Likewise, if three or more regions showed moderate degeneration levels 
in a fossa or two or more regions did in a condyle, then the resulting severity score was 5 or 
moderate also. However, this scaling system for moderate severity levels for both the fossa 
and condyle was only incorporated if the resulting severity level before incorporation was less 
than 5 already. If it was already 5 or greater, then the normal unmodified severity result was 
used. 
3.2.3.1 The overall severity level for statistical purposes 
Severity levels of below two were not considered to represent evidence of degeneration 
as very minor evidence of any of the pathological changes recorded may be purely a response 
by bone to the normal reactive processes that occur with ageing, while values of two and 
above were. Furthermore, in this study severity levels of 2-3 were classified as slight, values 
of 4-6 as moderate, and values of 7-9 as severe. In order to make statistical analyses more 
succinct, TMJ severity level scores obtained from the methods outlined in section 3.2.3 were 
replaced with a score of 1-4. A score of 1 indicated no degeneration, while scores of 2, 3, and 
4 represented severity levels of slight, moderate, and severe respectively. 
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3.2.4 DISTINGUISHING BETWEEN DJD AND THE OTHER PATHOLOGIES THAT 
CAN AFFECT THE TMJ 
The differentiation of DID from RA, IA, and congenital or developmental abnormalities 
in the TMJ is possible in the clinical situation, but in the skeletal situation this is much more 
difficult. As discussed in section 1.1.1, DID is characterised in the skeletal situation by; 
pitting of the joint surface, osteophytosis, or some kind of bony contour change such as 
ebumation. RA of the TMJ in the skeletal situation is characterised by an erosion of the joint 
from the periphery inwards, a decrease in height of the mandibular rami, and ankylosis of the 
joint (section 1.1). However, IA of the TMJ can also cause joint ankylosis and joint erosion 
(Kreutziger & Mahan, 1975b; Shafer et al., 1983), which makes distinguishing between RA 
and IA in the skeletal situation very difficult. In contrast, congenital or developmental 
anomalies of the TMJ are easy to diagnose skeletally (section 2.5.2). How each anomaly was 
recorded is described in section 3.4. In order to distinguish DID from RA and IA, if a joint 
showed evidence of osteophytosis, then it was considered to represent TDID. Likewise, if 
erosive changes occurred predominately in the central region of the joint, then TDID was again 
recorded. The occurrence of joint ankylosis was regarded as an indicator of either RA or IA. 
Where this ankylosis was bilateral in distribution, then the disease encountered was regarded 
as RA, if unilateral then it was recorded as evidence of either RA or IA. 
3.2.5 GROOVING IN THE FOSSAE 
Many individuals showed varying levels of grooving in both the mandibular fossa and 
condyle. For this reason any evidence of grooving in either the sagittal or coronal plane was 
recorded for each region of every fossa examined. Grooving was not examined in the 
condyles of each individual as evidence of grooving in the condyle was classified in this study 
as having a congenital or developmental origin and is described in section 3.4. The presence 
of fossa grooving was graded as; 
0. not apparent 
1. presence of small localised groove(s) 
2. groove(s) present that is/are larger in size and/or depth 
3. groove(s) present that is/are very large in size and depth and are continuous 
over most of region, or into surrounding regions of the fossa 
3.3 METHODS USED FOR RECORDING DENTAL PATHOLOGIES 
The dental conditions described below were examined for all permanent teeth present 
within each individual In order to examine what affect the various dental pathological 
conditions had on the prevalence and pattern of TMJ pathology, each individual's dentition 








number of teeth present. For this study both loose teeth and those in situ were examined, as 
loose teeth may show attrition patterns or other dental conditions that may have affected the 
prevalence of degeneration in the TMJ. All results obtained were therefore compared against 
the level of TMJ pathological changes including grooving of the fossae, to establish if a 
relationship between the various dental variables and degeneration in the TMJ exists. 
3.3.1 DENTAL INVENTORY 
The Federation Dentaire Internationale (1971) system was incorporated to individually 
identify each tooth. This method of tooth identification involved classifying each tooth by a 
two-digit number. The first digit represented the quadrant in which the tooth was located, 
while the second corresponded to the position of the tooth within the dental arch. Diagrams of 
this identification system can be seen in Figure 3.7 adapted from Hillson (1996: 7) for 
permanent human teeth. Any loose teeth were identified using the classificatory pictures of 
White (2000). Tooth absence and the possible reason for its absence, tooth presence, and the 
state of preservation of each tooth were classified under the following categories adapted from 
(Nelsen, 1999: 42-3); 
1. Tooth present and undamaged, either located in situ or loose 
2. Tooth present but damaged at either the crown or the root 
3. Tooth missing through pathological causes 
4. Tooth missing through non-pathological causes 
5. Tooth missing through postmortem loss 
6. Tooth present, but erupting or unerupted 
Figure 3.7 adapted from Hillson (1996: 7), showing the Federation Dentaire 




A tooth was classified as being lost postmortem if the alveolus was intact with no 
evidence of any remodelling having occurred. However, if a tooth was lost antemortem just 
prior to the time of death, then the alveolus may also fail to show any evidence of remodelling. 
Hence, it is extremely difficult to determine whether a vacant, intact alveolus with no evidence 
of remodelling was the result of postmortem or antemortem tooth loss. Normally, antemortem 
tooth loss can be detected by the characteristic partial or complete remodelling appearance of 
the alveolus resulting in its complete resorption. Therefore, if a vacant alveolus revealed 
partial or complete remodelling of the alveolus, then the tooth was classified as missing 
through antemortem causes, if not, and the alveolus showed no evidence of remodelling, then 
the tooth was categorised as being lost postmortem. 
A tooth was diagnosed as being pathologically lost if there was evidence of extreme 
attrition in the surrounding teeth, or the presence of a periapical cavity near the site of tooth 
absence. However, the examination of any pathological conditions that could lead to tooth 
loss can be problematic as the alveolar bone can remodel after the cessation of the infection, 
which over time, eventually results in the complete remodelling of the reactive bone. 
Teeth can also be absent through other non-pathological means such as congenital 
absence, trauma, and cultural factors like ritualised tooth ablation (Bass, 1995). However, the 
diagnosis of tooth absence via non-pathological causes is difficult. Bass (1995) acknowledges 
that if the missing tooth was in contact with the surrounding teeth, then wear facets may be 
found on the interproximal regions of the surrounding teeth. From this it could be inferred 
that if the teeth neighbouring the site of tooth absence failed to show interproximal wear facets, 
then this could be indicative of congenital absence of the tooth and thus, non-pathological 
tooth absence. Likewise, if there failed to be any evidence of pathological conditions in the 
dental region surrounding the missing tooth and interproximal wear facets, then the tooth 
could also be diagnosed as being absent via non-pathological causes. However, the alveolus 
and surrounding region of alveolar bone may have remodelled and hence the tooth in this case 
could also have been missing via pathological means. Due to the difficulties encountered 
when diagnosing non-pathological tooth absence, any missing teeth that failed to show any 
remodelling in the alveolus or surrounding region of the alveolar bone were categorised as 
evidence of tooth loss through postmortem causes in this study. 
The intentional removal of teeth due to cultural practices is also difficult to distinguish 
from pathological tooth loss. However, Buikstra and Ubelaker (1994) state that if a 
· symmetrical loss of teeth in a number of individuals from the same population was apparent, 
then this would suggest that these teeth were absent through ritualised ablation. Therefore, if a 
specific pattern of symmetrical tooth loss presents itself within the sample, then the absence of 
these teeth was classified as non-pathological provided there was no evidence of any 
pathological conditions in this region. 
3.3.1.1 Methods used for quantifying antemortem tooth loss 
To identify antemortem tooth loss, any teeth that were recorded as being absent through 
either pathological or non-pathological reasons were further collectively grouped as evidence 
of antemortem tooth loss. Any other recordings on the preservation of the dentition for each 
individual were collectively grouped as present antemortem. 
As has been discussed in the previous chapter, many authors from both clinical and 
paleoanthropological fields believe that antemortem tooth loss, particularly of the posterior 
dentition, is an aetiological factor in TMJ degeneration. In light of this concept, each 
individuals' dentition was divided into three regional divisions; anterior, left posterior, and 
right posterior. The anterior division included all canines and incisors, while the left posterior 
and right posterior regions included all premolar and molar teeth from the left and right hand 
sides of the dental arch respectively. The severity of antemortem tooth loss for each of these 
three regional divisions were grouped under the following five categories; 
0 No teeth lost or unable to tell. 
1 Slight loss of teeth, where up to 32% of teeth were lost antemortem. 
2 Moderate loss of teeth, where 33-49% of teeth were lost antemortem. 
3 Substantial loss of teeth, where 50-74% of teeth were lost antemortem. 
4 Severe loss of teeth, where more than 74% of teeth were lost antemortem. 
In order to determine the prevalence of antemortem tooth loss in the total sample, the 
occurrence of one or more teeth lost antemortem in any dental region of each individual was 
collectively grouped as evidence of tooth loss (or 1), while those without any antemortem 
tooth loss were grouped as tooth loss not evident (or 0). The number of individuals with at 
least one tooth lost antemortem were compared to the prevalence of TMJ degeneration in order 
to determine if a relationship between the two exists. 
3.3.2 DENT AL ATTRITION 
The level of dental attrition for each tooth both in situ and loose was recorded for all 
individuals following the criteria developed by Smith (1984). This method was selected 
because of its ease of use and its detailed classificatory criteria. If the crown of a tooth was 
damaged to any degree either postmortem or antemortem, then the level of attrition for that 
tooth was not recorded. The classificatory groups and criteria developed by Smith (1984: 45) 
for grading the level of tooth attrition is evident in Table 3.2. A diagrammatic representation 
of this scaling system is illustrated in Figure 3.8 from Smith (1984: 46). 
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Table 3.2. Descriptions of stages of occlusal surface wear from Smith (1984:45) 
Molars Premolars Incisors and canines 
0. Missing or cannot be coded 0. Missing or cannot be coded 0. Missing or cannot be coded 
1. Unworn to polished or small facets 1. Unworn to polished or 1. Unworn to polished or small 
(no dentin exposure) small facets (no dentin exposure) facets (no dentin exposure) 
2. Moderate cusp removal (blunting). 2. Moderate cusp removal 2. Point or hairline of dentin 
Thinly enamelled teeth (human deciduous (blunting) exposure 
molars, chimpanzee molars) may show 
cusp tip dentin but human permanent 
molars show no more than one or two 
pinpoint exposures 
3. Full cusp removal and/or some dentin 3. Full cusp removal and/or 3. Dentin line of distinct 
exposure, pinpoint to moderate moderate dentin patches thickness 
4. Several large dentin exposures, still 4. At least one large dentin 4. Moderate dentin exposure no 
discrete exposure on one cusp longer resembling a line 
5. Two dentinal areas coalesced 5. Two large dentin areas 5. Large dentin area with enamel 
(may be slight coalescence) rim complete 
6. Three dentinal areas coalesced, or four 6. Dentinal areas coalesced, 6. Large dentin area with enamel 
coalesced with enamel island enamel rim still complete rim lost on one side or very thin 
enamel only 
7. Dentin exposed on entire surface, 7. Full dentin exposure, 7. Enamel rim lost on two sides 
enamel rim largely intact loss of rim on at least one or small remnants of enamel 
side remain 
8. Severe loss of crown height, 8. Severe loss of crown 8. Complete loss of crown, no 
breakdown of enamel rim; crown surface height; crown surface takes enamel remaining; crown 
takes on shape of roots on shape of roots surface takes on shape of roots 
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In order to obtain an attrition level for the entire dentition of each individual, the 
dentition was divided up into the same three regional divisions as outlined in section 3.3.1.1. 
Within each of these three regions attrition values for each tooth were averaged. This gave an 
average attrition level for each dental region of between 0.1 and 8. Resulting attrition values 
for each region of 0.1-3.9 were categorised as slight (or 1), values of 4.0-6.4 as moderate (or 
2), and values of 6.5-8 were considered to be advanced (or 3). 
3.3.3 INFLAMMATION OR INFECTION OF THE ALVEOLAR BONE 
Inflammation or infection of the alveolar bone was recorded in this study by the 
presence of periapical cavities. These include; periapical granulomata, periapical abscess 
cavities, and periapical periodontal cysts. Non-apical granulomata can also occur. These non-
apical granulomata are readily identifiable clinically (Shafer et al., 1983), but in skeletal studies 
their identification is difficult. 
The purpose of examining the dental health of each individual was to establish whether 
the individual in question would have had pain in a particular dental region, which may have 
caused the individual to avoid chewing in that specific dental region. This would lead to 
increased tooth attrition in dental areas where mastication was less painful. Thus, a distinction 
between non-apical and periapical granulomata was not necessary, as distinguishing between 
the two in skeletal studies is difficult, and both would cause a shift in mastication preference 
anyway. Therefore, only periapical cavities were visually recorded for each tooth as these are 
easier to identify. 
Periapical granulomata are asymptomatic and are seen in dry bone as a small periapical 
cavity that is usually no larger than 2-3mm in diameter (Dias & Tayles, 1997). These 
periapical granuloma are caused by an infection in the pulp cavity of the tooth, which can 
result from either severe tooth attrition, trauma, or dental caries (Dias & Tayles, 1997). 
Periapical cysts can develop from these granulomata, where the granulation tissue of the 
granuloma is replaced by fluid and a surrounding layer of epithelial tissue (Dias & Tayles, 
1997). Furthermore, the lesion of a periapical cyst is progressive and will continue to expand 
even if the source of infection is removed (Dias & Tayles, 1997). Therefore, these periapical 
cysts create a larger cavity in the alveolar bone than a granuloma does, due to the cyst 
formation. 
Regarding abscess cavities, Dias and Tayles (1997) and Buikstra and Ubelaker (1994) 
state that chronic abscesses can be observed in dry bone as a bony channel that communicates 
with a roughened cavity in the alveolar bone. Therefore, the presence or absence of periapical 









Cannot be recorded. 
Not apparent. 
A periapical granuloma - when a small smooth walled cavity in the alveolar 
bone no greater than 2-3mm in diameter was apparent. 
A periapical cyst - when a smooth walled cavity in the alveolar bone greater 
than 3mm in diameter was apparent. 
An abscess - when a bony channel that communicates with a roughened cavity in 
the alveolar bone was apparent. 
The differentiation of each type of periapical cavity present was necessary as periapical 
granulomata and cysts are asymptomatic unlike abscess cavities and are of increasing severity 
(Dias and Tayles, 1997), and they may therefore have varying effects on the occurrence of 
TMJ degeneration. In order to determine the prevalence of periapical cavities in the total 
sample, the occurrence of one or more periapical cavities of any kind in each individual was 
collectively grouped as evidence of periapical cavities (or 1), while individuals without any 
periapical cavities were grouped as no periapical cavities evident ( or 0). The number of 
individuals with at least one periapical cavity in their dentition could then be compared to the 
prevalence of TMJ degeneration to see if a relationship between the two exists. 
To further examine the effect of periapical cavities on TMJ degeneration, an overall 
indication of the level of periapical cavities for each individual's dentition was needed. This 
involved classifying all three types of periapical cavities examined under a single group which 
indicated a periapical cavity was apparent. To establish the level of periapical cavities for the 
entire dentition of each individual examined, the dentition was divided into the same three 
regional divisions as outlined in section 3.3.1.1 of this chapter. The degree of periapical 
cavities for each of these three regions were then grouped under the following five categories; 







No periapical cavities apparent. 
Slight, where up to 32% of teeth examined showed periapical cavities of some 
kind. 
Moderate, where between 33% and 49% of teeth showed periapical cavities of 
some kind. 
Substantial, where 50-74% of teeth showed periapical cavities. 
Severe, where more than 74% of teeth examined had periapical cavities. 
DENT AL CARIES 
The presence or absence of dental caries was recorded for every permanent tooth 
present. Caries were only recorded if they were visible to the naked eye. The occurrence of 
moderate to severe sized caries could alter TMJ pathology as they may lead to predominantly 
-------- ---- ~----
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unilateral mastication. Therefore, dental caries were classified by the amount of destruction 
sustained to the tooth. These categories were; 
Blank. Cannot tell, where the tooth was missing or damaged. 
0. No lesion present. 
1. Minor lesion present. 
2. Massive lesion present. 
A dental caries was recorded as massive if there was severe destruction to the tooth 
structure so that the cavity could not be assigned a surface origin. Minor dental caries were 
recorded if the surface origin could be determined and if the cavity itself was small with little to 
moderate destruction of the tooth structure. However, if doubt arose as to whether a cavity in 
a tooth was caused by caries, such as if there was damage to the tooth through trauma or 
postmortem accidents, then the cavity was not recorded as a carious lesion. Also, some teeth 
may be too close to neighbouring teeth to record the presence of carious lesions for the entire 
tooth. Therefore, as teeth can be damaged, lost, and too close to each other to distinguish the 
presence of carious lesions for the whole tooth, the number of dental caries recorded in this 
study will represent the minimum number of caries actually present within this sample. 
3.4 CONGENITAL AND DEVELOPMENTAL ABNORMALITIES 
As described in section 2.5.2, there are a number of congenital or developmental 
anomalies that can affect the TMJ. These include: mandibular agenesis or agnathia; 
micrognathia; zygomatic-coronoid ankylosis; temporomandibular ankylosis; prognathism; 
bifid condyle; condylar aplasia, hyperplasia, or hypoplasia; and various dental anomalies. If 
any of these congenital or developmental abnormalities could be easily identified in the sample 
examined, then they will be recorded (with the exception of bifid condyle) as present. Bifid 
condyle however, was recorded with the following scaling system. 
0 Not apparent. 
1 Faint, where a faint to very faint groove is apparent in the condylar head. 
2 Noticeable, where the groove becomes more prominent. 
3 Moderate, where a l-3mm groove separates the condylar head into two articular 
facets. 
4 Substantial, where a deeper groove separates the condylar head into two articular 
facets. 
5 Severe, where a massive groove completely separates the condylar head into two 
separate articular facets. 
As all of the congenital or developmental anomalies listed above affect the TMJ, all results 





including grooving of the fossae, to establish if a relationship between the various congenital 
abnormalities and TMJ degeneration exists. 
3.5 FERN ROOT PLANES 
As discussed in section 1.2, many authors have documented the presence of dislocated or 
heavily worn teeth around the region of the first molar in both Maori and Moriori remains. As 
tooth attrition, tooth loss, and malocclusion are proposed aetiologies of TMJ pathological 
changes (section 2.5.1.1), then the occurrence of fern root planes could also alter the 
prevalence and/or severity of TMJ degeneration. The presence of fern root planes were 
recorded when a tooth around the region of the first molar exhibited heavy dental attrition on 
its buccal surface or dislocation in a lingual direction that was out of character with the rest of 
the dentition. 
3.6 ENTHESOPHYTES ON THE MANDIBULAR CONDYLE 
"/ Any evidence of enthesophytes on the neck of the mandibular condyles where the lateral 
pterygoid muscle attaches were also recorded. This is because enthesophytes are 
mineralisations of ligamentous or muscular attachments (Resnick & Niwayama, 1995a), 
which can therefore affect joint mobility and thus pathological changes in the TMJ. Therefore, 
the presence of enthesophytes were compared to both the prevalence of TMJ degeneration and 
fossae grooving in order to establish if a relationship between these variables exists. The 
presence of enthesophytes on the mandibular condyle were recorded as; 
0. not apparent 
1. medial enthesophyte present 
2. lateral enthesophyte present 
3. enthesophytes present on both sides 
3. 7 METHODS USED FOR RECORDING SEX AND AGE 
The sex and age of each individual was estimated from skulls only (where possible). 
The reason why only the cranium was used for both sex and age estimations was because only 
a small proportion of the sample studied had intact postcranial remains. As this study is only 
concerned with adults, the methods used in this study for estimating the sex and age of each 
individual were methods that have been developed upon adult samples. As described in 
chapters 1 and 2, both sex and age have been proposed by a number of authors to alter 
pathological changes in the TMJ. Therefore, all results obtained were compared against the 
level of TMJ pathology including grooving of the fossae, to establish if a relationship between 
these variables and TMJ degeneration exists. 





The estimation of sex in skeletal examinations is predominantly based upon 
morphological differences that result in response to sexual dimorphism. In general, female 
skeletal elements are smaller, lighter, and have less evidence of muscle attachments than males 
(White, 2000). However, it is important to note that individual variation can result in smaller 
more gracile males and larger more robust females than normal, which makes accurate sex 
estimation difficult (White, 2000). Furthermore, sex differences can be population specific as 
considerable variation in sexual dimorphism exists between different populations (White, 
2000). To overcome this latter problem of inter-populational sexual dimorphism differences, 
it is necessary to be familiar with the sexual dimorphism of the population being studied. The 
most simple way of doing this is to individually sex each individual, and then to seriate all 
individuals examined from most gracile or feminine to most robust or masculine. Each 
individual from within the sample was sexed via the cranial traits described below (where 
possible). This involved combining and evaluating all of the results from the various methods 
described below and then placing each individual into one of the following six categories 
outlined by Buikstra and Ubelaker (1994: 21). 











There is little doubt that the structures represent a female. 
The structures are more likely female than male. 
Sexually diagnostic features are ambiguous. 
The structures are more likely male than female. 
There is little doubt that the structures represent a male. 
In general males tend to have: higher, more receding, less rounded foreheads; squarer 
orbits; longer and broader palates; larger sinuses, teeth, and occipital condyles; longer 
zygomatic processes; deeper mandibular rami; squarer chins; greater gonial eversion; larger 
and broader mandibles; a larger foramen magnum and more prominent external occipital 
protuberance and mental eminence; and finally larger and more robust glabella, supraorbital 
margins, and mastoid processes (Acsadi & Nemeskeri, 1970; Bass, 1995; Krogman & Iscan, 
1986; Ubelaker, 1989; White, 2000). For the purposes of this study the sex of each 
individual was estimated from the rugosity, prominence, and shape of the nuchal crest, 
mastoid processes, supraorbital margins, glabella, and mental eminence, following the 
methods of Buikstra and Ubelaker (1994: 20) after Acsadi and Nemeskeri (1970) (Figure 
3.9). Lower scores were indicative of more feminine traits, while higher scores were 
indicative of more masculine traits. To simplify analyses, scores of 1-2 were classified as 
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Figure 3.9. Scoring system for sexually dimorphic cranial features from Buikstra 
and Ubelaker (1994: 20) after Acsadi and Nemeskri (1970). 
Nuchal crest 
The lateral profile of the nuchal crest on the occipital bone was compared to the 
diagrams (Figure 3.9) and the surface of the occipital bone was palpated to establish the 
rugosity of each individual. Each individual was then given a grade of 1 to 5, with 5 being 
representative of a massive nuchal crest (Figure 3.9). 
Mastoid process 
The sizes of the mastoid processes were compared to the size of the surrounding bony 
structures such as the external auditory meatus for all individuals. Those with the largest 
mastoid process volume were assigned a score of 5, while those with a smaller mastoid 
volume and length were assigned a score of 1 (Figure 3.9). 
Supraorbital margin 
The thickness, shape, and prominence of the supraorbital margins for each individual 
were compared to the diagrams in Figure 3.9- Supraorbital margins that felt sharp and thin 
were graded as 1, while those that showed a thick, rounded margin with a curvature 




The lateral profile of the supraorbital region was compared with the diagrams in Figure 
3.9 for all individuals. A score of 1 was given to smooth glabella/supraorbital ridges with 
minimal prominence and little or no projection at the midline (Figure 3.9). A score of 5 was 
given to individuals with a massive glabellar prominence, forming a rounded, loaf-shaped 
projection (Figure 3.9). 
Mental eminence 
The degree of mental eminence prominence for each individual was examined. Grades 
of 1 were given to individuals who had a mental eminence that appeared to have little or no 
projection above the surrounding bone, while a grade of 5 was given to a massive mental 
eminence that occupied the majority of the anterior portion of the mandible (Figure 3.9). 
3.7.1.1 Determining the accuracy of the cranial sex estimation methods by sexing the 
postcranial skeleton 
To test the accuracy with which individuals were sexed using the previous methods of 
Buikstra and Ubelaker (1994) for specific cranial traits, a random sample of ten individuals 
with postcranial skeletons that included an intact pelvis were collected as the pelvis is the most 
sexually dimorphic bone. If a randomly selected individual had a postcranial skeleton without 
an intact pelvis, then the individual was omitted from the test sample and a new randomly 
selected individual with an intact pelvis was obtained, as it is well known that the pelvis is the 
most reliable region for adult sex estimation (Buikstra & Ubelaker, 1994). The postcranial 
skeletons of each of these ten individuals were then sexed with the methods outlined below 
into the same six categories outlined previously in section 3.7.1. The results obtained were 
then compared to the previously obtained results for the sex of each of these ten individuals 
from the cranial techniques outlined in section 3.7.1, to test their validity. 
The estimation of sex from the pelvis is based upon the following characteristics: the 
sacrum and os coxae are less robust but broader in females; pelvic inlets and greater sciatic 
notches are wider in females; the pubis is longer in females and the subpubic angle is larger; a 
preauricular sulcus and ventral arc are predominantly found in females; females have a larger 
subpubic concavity; the acetabulum is usually smaller in females than males; and finally in 
females a ridge in the medial portion of the ischiopubic ramus is usually apparent, unlike males 
(Acsadi & Nemeskeri, 1970; Bass, 1995; Ubelaker, 1989; White, 2000). 
Of all of these methods for establishing the sex of an adult individual from the pelvis, 
the most reliable by far is the method developed by Phenice (1969). In fact, White (2000) 






some earlier studies claim that its accuracy is slightly lower than implicated by White (2000). 
For this reason all ten randomly selected individuals were primarily sexed by the methods 
outlined by Phenice (1969). This involved a detailed examination of three pelvic regions; the 
ventral arc, the subpubic concavity, and the medial aspect of the ischiopubic ramus (Phenice, 
1969). The ventral arc is a slightly elevated ridge of bone that extends from the pelvic crest 
continuing down to blend with the medial border of the ischiopubic ramus inferiorly. This 
phenomenon is usually large and obvious in females, whereas in males it is normally absent or 
very slight. The subpubic concavity is a depression or concave region in the medial edge of 
the ischiopubic ramus below the pubic symphysis. This phenomenon is usuaJly large and 
obvious in females, whereas in males it is normally absent or very slight. If when examining 
the medial aspect of the ischiopubic ramus a ridge of bone just below the pubic symphysis 
surface is apparent, then this is indicative of a female. If this region is broad and flat then this 
is more indicative of a male. More weight will be assigned to the earlier two diagnostic 
techniques than the latter if discrepancies between results are apparent in accordance with the 
guidelines developed by Phenice (1969). Results obtained from all three traits were 
categorised into the four groupings recommended by Buikstra and Ubelaker (1994: 16); blank 
(unobservable), 1 (female), 2 (ambiguous), and 3 (male). To further strengthen the sex 
diagnosis of each individual a number of more subjective pelvis characteristics were examined 
individually. This included an examination of the sacrum, greater sciatic notch, the angle of 
the subpubic arch, the shape of the pubis, and finally any evidence of a preauricular sulcus or 
parturition changes. 
The male sacrum normally shows a greater curvature than the flatter female sacrum, and 
the female sacrum is normally shorter and wider than that of the male (Bass, 1995). In 
females the greater sciatic notch is wider, the pubis is longer, and the subpubic angle larger 
than males (Ubelaker, 1989). The latter two are again in response to functional differences 
between males and females in regard to parturition. Illustrations of the size and shape 
differences between male and female pelvi can be seen in Figures 17 .13 and 17 .14 in White 
(2000: 368-369). A preauricular sulcus or groove between the auricular area and the greater 
sciatic notch is predominantly found in females (Ubelaker, 1989). However, it can occur in 
males also, but when it occurs in males it is normally shallower than that of females 
(Ubelaker, 1989). As mentioned previously, individual variation can make the determination 
of sex for an individual difficult. Therefore, for this study the sex of each of the ten randomly 
selected individuals was assigned under the same four groupings recommended by Buikstra 






Evidence of parturition, in particular pitting, have been considered by a number of 
authors to be a reliable method of sexing skeletal remains. These 'pregnancy pits' are most 
commonly found on the posterior surface of the pubis next to the pubic symphysis and within 
the preauricular surface of the ilium and the auricular margin of the sacrum (Ubelaker, 1989). 
These 'pits' are indicative of females. However, not all females develop evidence of these pits 
and in some instances males can show evidence of these pits as well (White, 2000). 
Therefore, if pregnancy pits are found in a skeleton, it will not be taken as a conclusive 
indication that the individual in question is a female. Instead, the evidence of pregnancy 
pitting will be regarded as another indicator that the individual in question may be a female, 
and the result obtained will be contrasted against all of the other results obtained from the 
preceding methods to give the most accurate assessment of the possible sex of the individual. 
3.7.2 AGE 
The age at death for each individual was estimated following the methods described 
below (where possible). This involved combining and evaluating all of the results obtained 
for the estimation of each individuals age at death from the various methods described below, 
in order to place each individual into one of the following four age categories; 
0. Unknown age 
1. Young adult (18-29 years of age) 
2. Middle aged (29-39 years of age) 
3 . Old ( 40 years of age and above). 
If cranial suture ages are significantly different from the tooth attrition ages assigned to each 
individual, then more weighting will be given to the tooth attrition age than the assigned cranial 
suture closure age, as tooth attrition is described by many authors like Lovejoy et al. (1985) to 
be a more accurate way of ageing skeletal remains than cranial suture closure. 
3.7.2.1 Estimating age at death from the dentition 
The possible age at death of adult individuals can be estimated from the level of dental 
attrition, especially if the level of attrition within a population is relatively homogeneous. 
Lovejoy et al. (1985) state that the best single estimate of the age of an individual is dental 
attrition. However, the level of dental attrition can be altered by a variety of factors including 
dietary differences, pathological factors, or the use of teeth for industrial purposes. In fact, it 
has been well documented that the prehistoric Polynesians had a very harsh diet and thus 
higher levels of tooth attrition (Evans, 1987; Houghton, 1978), than the prehistoric native 
American population used by Lovejoy (1985). Therefore, the classificatory model devised by 
Lovejoy (1985) for estimating age from dental attrition was omitted from the methods of this 




from the three regional divisions of the dentition outlined in section 3.3.2 together. This gave 
an overall attrition level for the entire dentition of either 0, 1, 2, or 3. 
Each individual was then grouped into one of the four age categorie_s outlined 
previously in section 3.7.2. If two or more regions received attrition level values of 3, then 
the individual was considered to be an old adult. When only one region had an attrition level 
value of 3, then the individual was categorised as middle aged no matter what the other dental 
attrition results were. If two regions had scores of 2 or two had scores of 1, then these 
individuals were classified as middle aged or young adults, respectively. However, if the 
dental attrition level for an individual was only able to be conducted upon one region, then the 
individual in question's age would be estimated from the resulting outcome. Finally, when an 
individual received two regional attrition level values, where one was a 1, while the other was 
a 2, then this individual was categorised as a young adult, as it is well known that this 
population had a very harsh diet. 
3.7.2.2 Estimating age from cranial suture closure 
Cranial suture closure can also be used to estimate an individuals age. Closure of the 
spheno-occipital synchrondrosis occurs in at least 95% of all individuals between 20 and 25 
years of age (Krogman & Iscan, 1986). Therefore, if an individual in this sample showed a 
fused sphenooccipital synchrondrosis then the age of this individual was estimated to be above 
20 years of age. If fusion of the sphenooccipital synchrondrosis was not apparent then the 
individual was classified as being younger than 25 years of age. However, the results of this 
method are very general and hence, were not taken as concrete evidence of the individuals age, 
but rather a guide between whether an individual was most likely an adolescent or an adult. 
Many other cranial sutures can also be examined for the evidence of fusion and thus age 
estimates. An adaptation of the methods outlined by Buikstra and Ubelaker (1994) were used 
to estimate each individuals approximate age. This involved analysing seventeen cranial suture 
segments for fusion as outlined in Table 3.3 adapted from Buikstra and Ubelaker (1994: 33). 
Diagrammatic representations can be seen in Figure 3.10 from Buikstra and Ubelaker (1994: 
33). Ectocranial sutures were examined as specific 1cm segments, while larger regions of 
endocranial sutures were examined. The degree of cranial suture closure was recorded under 
the following groups modified from Buikstra and Ubelaker (1994: 32). 





Open (no evidence of any closure) 
Minimal closure ( closure has occurred up to about 50% synostosis) 
Significant closure (a small proportion of the suture is not fully fused) 
































Midlarnbdoid Midpoint of left half of the lambdoidal suture 
Lambda Intersection of lambdoidal and sagittal sutures 
Obelion At point obelion 
Anterior sagittal One-third the distance from point bregma to point lambda 
Bregma At point bregma 
Midcoronal Midpoint of left coronal suture 
Pterion Usually where parietosphenoid suture meets the frontal suture 
Sphenofrontal Midpoint of left sphenofrontal suture 
Inferior sphenofrontal Point of intersection between the left sphenotemporal suture and a 
line connecting both articular tubercles of the TMJ 
Superior sphenofrontal Point on the left sphenotemporal suture 2cm below junction with 
parietal 
Incisive suture Separates maxilla from premaxilla 
Anterior median plane Score entire length on paired maxillae between incisive foramen 
and palatine bone 
Posterior median plane Score entire length 
Transverse palatine Score entire length 
Sagittal ( endocranial) Score entire length endocraniallv 
Left lambdoidal (endocranial) Score indicated portion 
Left coronal ( endocranial) Score indicated portion 
b 
Figure 3.10. Locations of the cranial suture segments examined from Buikstra and 





The Meindl and Lovejoy (1985) system for summing individual scores for both the 
ectocranial vault (sites 1-7) and lateral-anterior sutures (sites 6-10) was also incorporated in the 
analysis of age at death for each individual. The latter was taken as being a more accurate 
method for estimating the age of each individual in accordance with the findings of Meindl and 
Lovejoy (1985). Tables 3.4 and 3.5 show the combined or composite scores for each 
individual and the proposed mean age, standard deviation, and range for each composite score 
adapted from the results of Meindl and Lovejoy (1985: 63). Individuals with scores of 0-2 for 
both the vault and lateral-anterior sutures were classified as young adults, while individuals 
with scores of 3-8 in the lateral-anterior sutures and 3-11 in the vault sutures were classified as 
middle aged. Any individuals with composite scores of above 8 in the lateral-anterior sutures 
or above 11 in the vault sutures were classified as old adults. 
Table 3.4. Determination of age based on ectocranial lateral-anterior suture closure from 
Meindl and Lovejoy (1985: 63). 
Composite score Mean age Standard deviation Range 
0 (Open) -50 
1 32.0 8.3 19-48 
2 36.2 6.2 25-49 
3-5 41.1 10.0 23-68 
6 43.4 10.7 23-68 
7-8 45.5 8.9 32-65 
9-10 51.9 12.5 33-76 
11-14 56.2 8.5 34-68 
15 (Closed) 
Table 3.5. Determination of age based on ectocranial vault sutures from Meindl and 
Lovejoy (1985: 63). 
Composite score Mean age Standard deviation Range 
0 (Open) -49 
1-2 30.5 9.6 18-45 
3-6 34.7 7.8 22-48 
7-11 39.4 9.1 24-60 
12-15 45.2 12.6 24-75 
16-18 48.8 10.5 30-71 
19-20 51.5 12.6 23-76 
21 (Closed) 40-
Endocranial and palatine suture closure can also be used for estimating the age of an 
individual. Mann et al. (1987) demonstrate how closure of the palatine sutures can be used to 
categorise individuals into young, middle and old adult groups. In young adults Mann et al. 
(1987) state that the incisive suture is fused, and that the transverse and posterior median 
palatine sutures may show the beginnings of fusion or even partial fusion. Mann et al. (1987) 
further detail that middle aged adults usually have fused incisive, transverse, and posterior 
median palatine sutures, but the anterior median palatine suture is at least partially open. Old 
adults typically show complete fusion of the palatine sutures (Mann et al., 1987). With regard 
to the endocranial sutures, Krogman and Iscan (1986) state that the endocranial sutures in 
young adults are beginning to fuse, while in middle aged adults fusion is more complete. In 
older individuals these endocranial sutures are typically fully ossified (Krogman & Iscan, 
1986). For the purposes of this study, fusion of both the palatine and endocranial sutures 
were recorded for each individual, following the descriptions of both Mann et al. (1987) and 
Krogman and Iscan (1986), in order to obtain a more accurate estimation of the age at death 
for each individual. 
An overall estimate of the age at death for each individual was then conducted from all 
of the four cranial suture closure methods outlined above. If the results obtained from each of 
the four cranial suture methods varied significantly, then more weighting was assigned to the 
lateral-anterior ectocranial suture closure and the endocranial suture closure methods. If these 
results differ markedly as well, then the weighting was shifted in favour of the endocranial 
suture closure as a comparison between ectocranial and endocranial suture closure ageing 
methods by Key et al. (1994) revealed that the endocranial results are more accurate and viable 
for estimating age at death than ectocranial suture closure methods. 
3.7.2.3 Determining the accuracy of the cranial ageing techniques by ageing the 
postcranial skeleton 
To test the accuracy of these cranial ageing techniques, a random sample of ten 
individuals with largely intact postcranial skeletons from the present sample were re-aged from 
their postcranial skeletons into the same four classificatory age groups as detailed in section 
3.7.2. The resulting postcranial ages for each of these ten individuals were then compared to 
the previously evaluated cranial age estimations in order to examine the reliability of the cranial 
age indicators. The methods incorporated for estimating the age of each of these individuals 
from their postcranial skeleton are outlined below. 
One of the best techniques for estimating the age at death of an individual is an 
examination of the metamorphosis of the pubic symphysis surface of the pelvis, as changes to 
this surface continue throughout adulthood well after full epiphysial union of the rest of the 
appendicular skeleton (White, 2000). The first standardised method for ageing human skeletal 
remains from the. pubic symphysis was the 'Todd scale', which was developed around a series 
of 306 males with known age at death (Todd, 1920). Todd noted that his method appeared to 
be more reliable with individuals between 20 and 40 years old than those after 40 years of age. 
However, his scaling system was only based around a sample of male individuals, and it is 
now known that the 'Todd scale' is inaccurate for estimating female age at death (Ubelaker, 
1989), Therefore, the widely incorporated 'Todd scale' was not used in this study. Instead 
the later method developed by Brooks & Suchey (1990) for ageing individuals from the 
) 
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metamorphosis of the pubic symphysis surface was used, as this method involved an 
examination of the entire symphysial surface for both males and females separately. In 
accordance with the descriptions outlined by Brooks and Suchey (1990), each individual's 
pubic symphysis was assigned into one of six phases. An illustration of these six phase 
categories for both males and females, and descriptive statistics for each of these phases of the 
Suchey-Brooks scoring system are revealed in White (2000: 356-357). If the pubic 
symphysis of a randomly selected individual could not be used, then this individual was 
omitted from the postcranial ageing correlation sample and a new randomly selected individual 
was used. 
An estimation of the age of an individual can also be deduced from an examination of 
the metamorphosis of the sternal end of the fourth rib (Iscan & Loth, 1986a, 1986b ). In these 
two papers the authors examined the overall form, shape, quality and texture of the sternal end 
of the fourth rib. From these factors they defined a series of phases centered upon their belief 
that with increasing age the rim of the rib end becomes thinner, and more ragged, irregular, 
and porous. However, these authors concluded that although the metamorphosis of the fourth 
rib corresponds to age it varies by sex. Therefore, for this study an age at death estimation 
from the sternal end of the fourth rib was conducted following the methods outlined by 
Ubelaker (1989). This involved examining the morphology of the sternal end of the fourth rib 
separately for both males and females, which were then compared with the descriptions and 
illustrations provided and a phase from one to eight was assigned to each individual. Each of 
these eight phases represented an age range outlined in Ubelaker (1989: 89-90). The fourth 
rib was identified for each individual (where possible) by using the methods outlined by Mann 
(1993). Supporting the validity of using the sternal end of the fourth rib as an age at death 
estimation, Russell et al. (1993) tested the use of the fourth rib as a viable technique for age at 
death estimation and concluded that it was. However, as White (2000) notes, some difficulty 
exists with this method as the fourth rib can not always be identified. Dudar (1993) believes 
that the techniques for ageing individuals from the fourth rib can be also 'cautiously' applied to 
the sternal ends of ribs three and five. However, this idea of Dudar does not appear to be 
echoed in the methods of later research papers using the fourth rib as an ageing technique. 
Therefore, for the purposes of this study individuals were only aged from the fourth rib when 
this rib was easily identified and undamaged. 
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3.8 STATISTICS 
3.8.1 INTER AND INTRA-OBSERVER RELIABILITY 
Inter-observer reliability was tested with the Cronvach-alpha reliability coefficient test 
using the statistical package SPSS 6.1 ( 1995). Intra-observer reliability was tested using the 
non-parametric Wilcoxon matched-pairs sign-rank t-test from SPSS 6.1 ( 1995). All p-values 
obtained were compared at the 5% and 1 % levels of significance. 
One observer was used for an inter-observer reliability test. This observer from the 
Department of Anatomy and Structural Biology was briefed on the procedures associated with 
the measurements. No information was given to the observer on the significance of the results 
and all measurements were conducted under blind conditions. From the total sample of 89 
individuals, ten were randomly selected and re-measured by the observer for the prevalence, 
location, type, and severity of pathological changes in all ten TMJ sections. The same 
protocol was used to address intra-observer reliability. 
3.8.2 STATISTICAL ANALYSIS 
.., All statistical analyses were conducted with the use of both SPSS 6.1 ( 1995) and Stat. 
.) 
,, 
View 4.1 ( 1996) computer applications. All p-values obtained were compared at the 5% and 
1 % levels of significance. Only univariate statistical analyses were conducted in this study, as 
multivariate analyses could not always be performed due to sample size restrictions and the 
time period available. 
Nominal data tested in this thesis included the prevalence of all variables tested, sex, 
and provenance. Rankable data tested included the severity of all variables tested, and age. 
Comparisons between two sets of nominal data which each contained two groups were tested 
with the Fisher's exact test, while comparisons between two sets of nominal data that had at 
least one variable with three or more groups were tested with the Chi-square test (Meddis, 
1975). If the count obtained in any cell tested was less than five, then the Fisher's exact test 
was used as an approximation of the Chi-square test (Meddis, 1975). Comparisons between 
rankable data and nominal data where only two groups were analysed were obtained with the 
use of the Mann-Whitney U test (Meddis, 1975). Where there were three or more groups, the 
Kruskal-Wallis 1-way Anova was utilised (Meddis, 1975). Finally, where two sets of 
rankable data were compared, the Spearman's rank correlation coefficient was used 
(Harraway, 1997). 
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4.1 PRELIMINARY ANALYSES 
4.1.1 INTER/INTRA-OBSERVER RELIABILITY TESTS 
Statistical tests confirmed that there were no significant differences between inter-
observer results for the severity of TMJ degeneration in each joint component on a sample of 
ten randomly selected individuals (Table 4.1). Likewise, statistical tests on the TMJ's of a 
further ten randomly selected individuals failed to find a statistically significant difference in 
the intra-observer test for the severity of TMJ degeneration (Table 4.2). There were also no 
significant differences between the original recordings and remeasured recordings for the 
remaining variables tested as all received significance levels of 1.000, except the sex 
comparison, which received a value of 0.976 (Appendix 2). Therefore, all inter/intra-observer 
results showed no significant differences at the 5% level, with most showing no difference at 
the 1 % level. These inter/intra-observer error results therefore validate the inclusion of all 
recordings detailed in Appendix 2, maximising the sample size. 
Table 4.1. Results for test of inter-observer error in my results for recording TMJ 
pathology 
Right condyle Right fossa 
severity test severity test 
Right condyle severity 0.996** 
Right fossa severity 0.990** 
Left condyle severity 
Left fossa severity 
** not significant at the 1 % level 
* not significant at the 5% level 
Left condyle Left fossa 
severity test severity test 
0.990** 
0.979* 
Table 4.2. Results of intra-observer error tests on TMJ degeneration severity levels 
Right condyle Right fossa 
severity test severity test 
Right condyle severity 1.000** 
Right fossa severity 0.984** 
Left condyle severity 
Left fossa severity 
** not significant at the 1 % level 
* not significant at the 5% level 
Left condyle Left fossa 




4.2 SAMPLE COMPOSITION 
Table 4.3. The sex of the sample in relation to age 
Young Middle Old Total sex 
Cases Cases Cases Cases Freq(%) 
Female 19 16 8 43 48.3 
Ambiguous 7 4 5 16 18.0 
Male 8 16 6 30 33.7 
Total age 34 36 19 89 100 
Table 4.3 demonstrates that approximately half of the sample were estimated to be 
female, while only one third of the sample were estimated to be male. It is also evident that the 
majority of individuals examined were young to middle aged adults. A Chi-square test on the 
distribution of males and females in relation to age in the sample, revealed that both males and 
females were equally represented in all three age groups (p= 0.282). Therefore, any age or 
sex differences encountered in the following results were not reflective of differences in the 
sample composition. The raw data from which these results were calculated is presented in 
Appendix 2. 
4.3 PREVALENCEOFTMJPATHOLOGY 
From the sample examined, 67 of the 89 individuals (or 75.3%) had degeneration in at 
least one of their joint components. In all cases the pathological changes encountered were 
identified as DID and not RA or IA, as no evidence of joint ankylosis or peripheral joint 
erosion was evident. All results presented in the tables of this section that deal with either the 
prevalence or severity of TMJ pathological changes were calculated for affected individuals 
only. The prevalence and mean severity of TMJ degeneration in the entire sample is presented 
in Table 4.4. However, the results presented in Tables 4.5 and 4.6 pertain to the relationship 
between joint components of individuals where both joints were present for each individual. 
In other words, individuals that had only one TMJ that could be examined were excluded from 
calculations, meaning that the results in Tables 4.5 and 4.6 differ from the frequencies and 
severity levels presented in Table 4.4 for each joint individually. All raw data for the 
following tables is presented in Appendix 2. 
Table 4.4. The prevalence and mean severity of TMJ degeneration in each of the four joint 
components for the entire sample. 
Prevalence Severity 
n/cases Freq(%) Mean s.d. 
Right condyle 76/30 39.5 2.73 0.83 
Right fossa 76/41 53.9 2.34 0.53 
Left condyle 75/35 46.7 2.66 0.64 
Left fossa 75/45 60.0 2.47 0.63 




The prevalence of TMJ degeneration was noticeably higher in the fossae than the 
condyles, but the mean severity of degeneration was higher in the condyles than the fossae. 
The frequency of degeneration on the left TMJ was also higher than that on the right. 
Interestingly, the left fossa had a higher mean severity of degeneration than the right, while the 
condyles showed the reverse relationship. The results presented in Table 4.5 show that the 
difference in degeneration between fossae and condyles was significant at the 5% and 1 % 
levels respectively, with the prevalence of degeneration in the left TMJ components being 
significantly higher than those of the right.· 
Table 4.5. Results of a statistical test on differences between the prevalence of TMJ 




Left fossa Left condyle 
0.025* 0.196 
0.637 0.001 ** 
-- 0.156 
** significant at the 1 % level 





Table 4.6. Results of a statistical test on differences between the mean severity of 
degeneration in each of the four joint components (p-values) 
Left fossa Left condyle Right condyle 
Right fossa 0.318 0.023* 0.018* 
Right condyle 0.117 0.677 --
Left fossa -- 0.186 0.117 
* significant at the 5% level 
As indicated in Table 4.6, a significant difference was found between the mean severity 
of degeneration in the right fossa and the mean severity of degeneration in the condyles at the 
5% level, with both condyles being more severely affected. Statistical comparisons between 
all other joint components did not show any other significant differences at the 5% level. The 
extent to which each joint component was affected by pathological changes is evident in Figure 
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Figure 4.1. The severity of TMJ pathological changes in each joint component. 
Figure 4.1 shows that most of the degenerative changes encountered were slight for all 
joint components, while only a few cases of severe degeneration were recorded. This graph 
also shows that the fossae were more frequently affected, but that they were less severely 
affected than the condyles. The distribution of pathological changes between fossae was very 
similar, whereas between condyles the left had a noticeably higher proportion of moderate 
levels of degeneration than the right. The distribution or location of pathological changes in 
each of the ten defined TMJ sections is presented in Table 4.7. 
Ta hie 4. 7. The distribution of pathological changes in the ten defined TMJ sections for the 
entire sample 
Right Left 
Variable n!cases Freq(%) nlcases Freq(%) 
Fossae 
Medial anterior postglenoid tubercle slope 76/7 9 .2 75/5 6.7 
Lateral anterior postglenoid tubercle slope 76/7 9.2 75/11 14.7 
Medial posterior slope of the articular eminence 76/52 68.4 75/49 65.3 
Lateral posterior slope of the articular eminence 76/46 60.5 75/54 72.0 
Medial anterior slope of the articular eminence 76/15 19.7 75/9 12.0 
Lateral anterior slone of the articular eminence 76/23 30.3 75/22 29.3 
Condyles 
Antero-medial 76/30 39.5 75/31 41.3 
Antero-lateral 76/24 31.6 75/21 28.0 
Postero-medial 76/21 27.6 75/19 25.3 
Postero-lateral 76/22 28.9 75/22 29.3 
i> 
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Table 4.7 revealed that the posterior slope of the articular eminence was the region of 
the fossae most affected by pathological changes, while the least affected region was the 
anterior postglenoid tubercle slope. The left fossa was more affected by degenerative changes 
laterally, while the right fossa was more affected by degeneration laterally in the anterior slope 
of the articular eminence, medially in the posterior slope of the articular eminence, and in the 
anterior postglenoid tubercle slope no difference was observed between the medial and lateral 
sections. The distribution of degenerative changes between condyles also appeared to be very 
symmetrical, with both condyles showing a slightly higher prevalence of degeneration in the 
anterior portion of the condylar head than the posterior portion. Of all four condylar regions, 
the antero-medial section was the most affected, while the postero-medial section was the least 
affected. 
4.3.1 TMJ DEGENERATION IN RELATION TO SEX AND AGE 
The results presented in Table 4.8, show that in all the joint components except the left 
condyle, males had a significantly higher frequency of degeneration than the females. A 
comparison of the frequency of degeneration between the TMJ components for both sexes, 
reveals that in both sexes the left TMJ components had a higher frequency of degeneration 
than the right (except between condyles in the male subsample). It is also evident from this 
table that in both sexes, the frequency of degeneration was higher in the fossae than the 
condyles (except the left TMJ of the female subsample). 
Table 4.8 further demonstrates that the mean severity of degeneration for all TMJ 
components was higher in the males than in the females. However, this was only significant 
for the left condyle (p<0.01). It is also evident that for both sexes the mean severity of 
degeneration between joint components was higher in the left than the right in all cases, except 
between the condyles in the females. Furthermore, the mean severity of degeneration was 
higher in the condyles than the fossae for both the females and males, with the only exception 
being the left TMJ of the females where this relationship has reversed. However, it must be 
noted that Table 4.8 does not include individuals whose sex could not be estimated. 
Therefore, the sum of the female column plus the sum of the male column does not equal the 
sum of the entire sample as presented previously in Tables 4.3 and 4.4. 
,( 
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Table 4.8. The prevalence and mean severity of TMJ degeneration in relation to sex 
Female Male Significance 
Prevalence Severity Prevalence Severity Prev Sev 
n/cases Frea(%) mean s.d. n/cases Frea(%) mean s.d. 
Right condyle 38/10 26.3 2.50 0.71 23/15 65.2 2.93 0.88 * M>F N.S 
Right fossa 38/14 36.8 2.36 0.50 23/17 73.9 2.41 0.62 ** M>F N.S 
Left condyle 34/17 50.0 2.41 0.51 26/13 50.0 3.10 0.64 N.S ** M>F 
Left fossa 34/15 44.1 2.53 0.64 26/20 76.9 2.60 0.68 * M>F N.S 
Total 43/29 67.4 2.45 0.57 30/24 80.0 2.72 0.74 N.S --
M>F= males more frequently affected than females N.S= not statistically significant * significant at the 5% 
level ** significant at the 1 % level 
Table 4.9 below, reveals that a significant correlation between age and the prevalence of 
TMJ pathological changes was only found in the right condyle (P<0.05), with old adults being 
more affected than younger individuals. However, although the prevalence of degeneration in 
relation to age for both the right fossa and left condyle were not found to be significantly 
related to age, they do suggest that age was related to the prevalence of degeneration in these 
two joint components. The mean severity of degeneration was also not found to increase with 
age, as the middle aged individuals had the highest mean severity of TMJ pathology. What is 
apparent across all three age ranges is that the frequencies of degeneration were higher in the 
fossae than the condyles, but that the mean levels of degeneration were higher in the condyles 
than the fossae in all cases except the left TMJ components of the middle aged adults. A 
comparison between the frequency of degeneration for each of the right and left TMJ 
components for all three subsamples, reveals that in all cases (except the old aged subsample), 
the left TMJ components had a higher frequency of degeneration than those of the right. This 
table further shows that the mean severity for each of the right and left TMJ components was 
higher in the left TMJ of the old aged subsample, whereas in the right it was higher in the 
middle aged subsample. 
Table 4.9. The prevalence and mean severity of TMJ degeneration in relation to age 
Young Middle Old 
Prevalence Severity Prevalence Severity Prevalence Severity 
n/cases Frea(%) mean s.d. n/cases Frea(%) mean s.d. n/cases Frea(%) mean s.d. 
RC* 31/7 22.6 2.57 0.79 29/14 48.3 2.86 0.71 16/9 56.3 2.67 0.71 
RF 31/13 41.9 2.23 0.44 29/18 62.1 2.44 0.62 16/10 62.5 2.30 0.48 
LC 28/11 39.3 2.64 0.67 32/16 50.0 2.63 0.72 15/8 53.3 2.75 0.46 
LF 28/14 50.0 2.21 0.43 32/22 68.8 2.68 0.72 15/9 60.0 2.33 0.50 
Total 34/22 64.7 2.38 0.58 36/31 86.1 2.64 0.74 19114 73.7 2.50 0.56 
RC= Right condyle RF= Right fossa LC= Left condyle LF= Left fossa * showed a significantly higher 
frequency of degeneration with age at the 5% level 
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4.3.2 TMJ PATHOLOGICAL CHANGES IN RELATION TO PROVENANCE 
The following tables in this section do not include individuals of unknown provenance, 
whether ecological or geographical. Therefore, the results presented in these tables are not 
representative of the entire sample. Ecological provenance refers to whether an individual was 
excavated from a coastal or inland location, whereas geographical provenance refers to 
whether an individual was excavated in the Chatham Islands or the North/South Island of New 
Zealand. 
Table 4.10. The prevalence and mean severity of TMJ degeneration in relation to 
ecological provenance 
Inland Coastal Significance 
Prevalence Severity Prevalence Severity Prev Sev 
n/cases Freq(%) mean s.d. n/cases Freq(%) mean s.d. 
Right condyle 5/1 20.0 2.00 - 62/26 41.9 2.77 0.86 N.S N.S 
Right fossa 5/2 40.0 2.00 0.00 62/37 59.7 2.35 0.54 N.S N.S 
Left condyle 6/2 33.3 3.00 1.41 59/30 50.8 2.67 0.61 N.S N.S 
Left fossa 6/3 50.0 3.33 1.16 59/38 64.4 2.40 0.55 N.S N.S 
Total 7/4 57.1 2.75 1.04 70158 82.9 2.52 0.65 N.S --
N.S= not statistically significant 
Table 4.10 shows that for all four joint components examined, individuals from coastal 
regions had a noticeably higher frequency of degeneration than those from inland regions, but 
in all cases these were not found to be significant at the 5% level. This is most likely due to 
the marked difference in sample size between the inland (n=7) and coastal (n=70) individuals. 
Although the results were not found to be significant at the 5% level, the results do indicate 
that the mean severity of degeneration in the right TMJ components was higher in individuals 
from more coastal regions than from more inland regions, whereas in the left TMJ this 
relationship was reversed. However, the total mean severity of degeneration was slightly 
higher in individuals from more inland regions than those from more coastal regions. In 
accordance with the results presented in Table 4.4, the fossae were more frequently affected 
than the condyles, but the condyles in the coastal sample were more severely affected. 
Table 4.11. The prevalence and mean severity of TMJ degeneration in relation to 
geographical provenance 
North Island South Island Chatham Islands 
Prevalence Severitv Prevalence Severity Prevalence Severity 
n/cases Freq(%) mean s.d. n/cases Frea(%) mean s.d. n/cases Frea(%) mean s.d. 
RC 13/7 53.8 3.43 0.98 44/17 38.6 2.53 0.72 10/3 30.0 2.33 0.58 
RF 13/8 61.5 3.38 0.74 44/25 56.8 2.36 0.49 10/6 60.0 2.17 0.41 
LC 13/6 46.2 3.00 0.63 42/22 52.4 2.64 0.66 10/4 40.0 2.50 0.58 
LF 13/9 69.2 2.44 0.73 42/25 59.5 2.52 0.65 10/7 70.0 2.29 0.49 
Total 16112 75.0 2. 77 0.86 51/40 78.4 2.51 0.62 10/10 100.0 2.30 0.47 
RC= Right condyle RF= Right fossa LC= Left condyle LF= Left fossa 
Table 4.11 demonstrates that the total prevalence of degeneration was highest in the 
Moriori individuals, whereas the Maori individuals had lower but similar prevalences of 




total mean severity of degeneration was highest in the North Island individuals, while the 
lowest mean severity of degeneration was found in the Moriori individuals. Again however, 
this was not found to be significant at the 5% level. No other clear pattern emerged from the 
results except that once again the fossae were more frequently affected by TMJ degeneration, 
while the condyles were more severely affected in all three subsamples. 
4.3.3 EBURNATION 
Only four individuals from the total sample displayed evidence of eburnation in a TMJ 
component. These were; a young female Moriori, an old male Moriori, a young Maori of 
undetermined sex from Gisborne, and a middle aged female Maori from coastal Otago. The 
eburnation in all except the young Moriori was located on the articular eminence, with two 
individuals displaying eburnation on their lateral posterior slope of the articular eminence, 
while the other, the Maori from coastal Otago, had eburnation on her medial anterior slope of 
the articular eminence. In contrast, evidence of eburnation in the young Moriori was found on 
the posterior aspect of the right condyle. The presence of eburnation was not found to be 
related to the severity of degeneration as none of these individuals had eburnation in 
association with a severely degenerated joint component. It is also obvious that the presence 
of eburnation in the TMJ had no correlation to sex, age, or geographical provenance, as the 
four individuals affected were of varying sex, age, and provenances. 
4.4 RELATIONSHIP BETWEEN THE DENTAL VARIABLES EXAlVIlNED AND 
THE SEX, AGE, AND GEOGRAPIDCAL PROVENANCE OF THE SAMPLE 
All results presented in the following tables comparing the prevalence and severity of 
dental variables between the sexes or provenances, excluded those without sex estimates or 
known provenances. Therefore, the results presented in these tables are not representative of 
the entire sample. Tables 4.16, 4.17, and 4.18 do not include prevalences as all teeth that 
could be recorded have a tooth attrition level, meaning that all frequencies are 100%. For this 
reason tables examining the relationship between the prevalence of tooth attrition and the sex, 
age, and geographical provenance of each individual were not conducted. Also, as individuals 
were aged from the amount of dental wear they possessed, the level of dental attrition was also 
not compared to the age of each individual. Finally, individuals that received mean severity 
values of O (or absent) for each dental factor were excluded from all calculations, meaning that 
the resulting mean severity levels were representative of the mean severity for all individuals 
that exhibited the defined dental factor. The original data for all analyses conducted in this 
section is provided in Appendix 2. 
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4.4.1 TOOTH LOSS 
Table 4.12. The prevalence and mean severity of tooth loss in each defined dental region 
for the entire sample 
Prevalence Severity 
n/cases Freq(%) Mean s.d. 
Tooth loss ant 89/22 24.7 1.500 1.012 
Tooth loss rp 89/36 40.4 1.389 0.728 
Tooth loss Ip 89/33 37.1 1.697 0.951 
Total 89/47 52.8 1.527 0.886 
ant= anterior rp= right posterior lp= left posterior 
Table 4.12 reveals that over half of the sample examined had tooth loss in at least one of 
the three dental regions. Of these three regions the frequency of tooth loss was noticeably 
higher in the posterior regions than the anterior region, while the mean number of teeth lost 
was slight to moderate for the entire sample. The relationship between the prevalence and 
severity of tooth loss in relation to both sex and age can be seen in Tables 4.13 and 4.14. 
Table 4.13. The prevalence and mean severity of tooth loss in relation to sex 
Female Male Significance 
Prevalence Severity Prevalence Severity Prev Sev 
n/cases Freq(%) mean s.d. n/cases Freq(%) mean s.d. 
Tooth loss ant 43/7 16.3 1.63 1.19 30/11 36.7 1.55 1.04 N.S N.S 
Tooth loss rp 43/15 34.9 1.53 0.83 30/16 53.3 1.25 0.58 N.S N.S 
Tooth loss lp 43/15 34.9 1.87 0.99 30/13 43.3 1.77 1.01 N.S N.S 
Total 43120 46.5 1.68 0.96 30120 66.7 I.SO 0.88 N.S --.. 
ant= anterior rp= right posterior lp= left posterior N.S= not statistically s1gmficant 
The results presented in Table 4.13 demonstrate that males had a noticeably higher 
prevalence of tooth loss in all three dental regions and overall. However, this was not 
significant at the 5% level. In both sexes tooth loss was greater in the posterior regions than 
the anterior region. It is also evident that the mean severity of tooth loss was higher in the 
female subsample than the male subsample for all three dental regions and overall. Again, this 
was not found to be significant at the 5% level. In both sexes, the mean number of teeth lost 
was highest in the left posterior region, but lowest in the right posterior region. 
Table 4.14. The prevalence and mean severity of tooth loss in relation to age 
Young Middle Old 
Prevalence Severity Prevalence Severity Prevalence Severity 
n/cases Freo(%) mean s.d. n/cases Freq(%) mean s.d. n/cases Freo(%) mean s.d. 
Loss ant 34/5 14.7 2.00 1.41 36/9 25.0 1.11 0.33 19/8 42.1 1.63 1.19 
Loss rp** 34/3 8.8 2.00 1.73 36/17 47.2 1.41 0.71 19/16 84.2 1.25 0.45 
Loss lp** 34/3 8.8 2.67 1.53 36/15 41.7 1.33 0.62 19/15 78.9 1.87 0.99 
Total** 3417 20.6 2.18 1.40 36/22 61.1 1.32 0.61 19118 94. 7 1.56 0.88 
Loss= Tooth loss ant= anterior rp= right posterior lp= left posterior ** showed a statistically significant 
increase in the frequency of tooth loss with age at the 
1
1 % level 
Table 4.14 shows that the prevalence of tooth loss increased with age for all three dental 
regions and the total sample. In all cases, except tooth loss in the anterior region, this was 




tooth loss. The frequencies of tooth loss were higher in the posterior regions than the anterior 
region in all cases, except the young adult subsample. However, the mean severity of tooth 
loss did not increase with age as the highest mean severity of tooth loss were found in the 
young adult subsample, while the lowest mean severity was found predominately in the 
middle aged subsample. 
Table 4.15. The prevalence and mean severity of tooth loss in relation to geographical 
provenance 
North Island South Island Chatham Islands 
Prevalence Severity Prevalence Severity Prevalence Severity 
n/cases Freq(%) mean s.d. n/cases Freq(%) mean s.d. n/cases Freq(%) mean s.d. 
Loss ant 16/8 50.0 1.13 0.35 51/11 21.6 1.36 0.81 10/2 20.0 2.50 2.12 
Loss rp 16/7 43.8 1.86 0.90 51/18 35.3 1.17 0.38 10/7 70.0 1.57 1.13 
Loss lp 16/7 43.8 1.71 0.95 51/18 35.3 1.67 0.91 10/4 40.0 2.00 1.41 
Total 16/10 62.5 1.55 0.80 51126 51.0 1.40 0.74 1017 70.0 1.85 1.28 
Loss= Tooth loss ant= anterior rp= right posterior lp= left posterior 
Table 4.15 demonstrates that the Chatham Island sample displayed the highest total 
prevalence of tooth loss, while the lowest total prevalence of tooth loss was found in the South 
Island individuals. However, these results were not significant at the 5% level. North Island 
individuals had the highest prevalence of tooth loss in both the anterior and left posterior 
regions of the dental arch, but the prevalence of tooth loss in the right posterior region was 
highest in the Moriori individuals from the Chatham Islands. Again, these results were not 
significant at the 5% level. There was no difference in the prevalence of tooth loss between 
the right and left posterior regions of the dentition in the North and South Island individuals, 
but in the Chatham Island sample the prevalence of tooth loss was almost twice as high in the 
right posterior region than the left. Furthermore, only the North Island individuals displayed a 
higher prevalence of tooth loss in the anterior region than the two posterior regions. 
With regard to the mean severity of tooth loss in relation to geographical provenance, 
Table 4.15 shows that the Chatham Island individuals had the highest mean severity of tooth 
loss for both the anterior and left posterior regions and overall, but the highest mean severity 
of tooth loss in the right posterior region belonged to the North Island individuals. The lowest 
mean severity of tooth loss both overall and in all three dental regions was found in the South 
Island Maori subsample. Again, these results were not significant at the 5% level. The results 
indicated that only the North Island Maori had a lower mean severity of tooth loss in the 
anterior dentition than the posterior dentition, while the Chatham Island Moriori had a higher 
mean severity anteriorly than both posterior regions, and the South Island Maori had a higher 
mean severity of tooth loss in the left posterior region than the anterior region. 
) 
4.4.2 DENT AL ATTRITION 




Dental attrition anterior 2.000 0.692 
Dental attrition right posterior 1.851 0.740 
Dental attrition left posterior 1.860 0.738 
Total 1.898 0.726 
Table 4.16 shows that the mean level of tooth attrition was high for the entire sample as 
the total mean level was approximately moderate (or 2). The high levels of tooth attrition 
prominent in this sample can be seen in Figures 4.3, 4.4, 4.5, 4.11, and 4.12. The highest 
total mean level of tooth attrition was seen in the anterior region of the dental arch, while there 
was no noticeable difference between the level of dental attrition in both right and left sides of 
the posterior dentition. 
Table 4.17. The mean level of dental attrition in relation to sex 
Female Male 
Severity Severity 
mean s.d. mean s.d. 
Dental attrition anterior 1.97 0.73 2.13 0.61 
Dental attrition right posterior 1.76 0.76 1.97 0.63 
Dental attrition left posterior 1.76 0.73 2.03 0.68 
Total 1.82 0.73 2.04 0.64 
Table 4.17 reveals that males had a slightly higher mean level of tooth attrition than the 
females did both overall and in all three dental regions, but this difference was not found to be 
significant at the 5% level. In both sexes the mean level of tooth attrition was slightly higher 
in the anterior teeth than the posterior teeth, and there did not appear to be a lateral mastication 
preference as the mean level of tooth attrition in the posterior regions was very similar within 
both sexes. 
Table 4.18. The mean level of tooth attrition in relation to geographical provenance 
North South Chatham 
Island Island Islands 
Severity Severity Severity 
mean s.d. mean s.d. mean s.d. 
Dental attrition anterior 1.73 0.80 2.00 0.64 2.25 0.46 
Dental attrition right posterior 1.69 0.60 1.92 0.78 1.78 0.67 
Dental attrition left posterior 1.69 0.70 1.86 0.73 2.10 0.74 
Total 1.70 0.69 1.92 0.72 2.04 0.65 
Table 4.18 demonstrates that the total mean level of dental attrition was highest in the 
Chatham Island subsample and lowest in the North Island subsample, but the difference was 
not significant at the 5% level. For all three subsamples the highest mean level of tooth 
attrition was found in the anterior region of the dental arch, but again this was not found to be 
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statistically significant. There did not appear to be any lateral mastication preference in the 
North and South Island subsamples, but in the Chatham Island subsample the mean level of 
tooth attrition was higher in the left posterior region than the right posterior region, which 
suggests that perhaps these individuals chewed more on the left side of the dental arch. 
4.4.3 PERIAPICAL CAVITIES 
Table 4.19. The prevalence and mean severity of periapical cavities in each defined dental 
region for the entire sample 
Prevalence Severity 
n/cases Freq(%) Mean s.d. 
Pcavs ant 89/19 21.3 1.105 0.459 
Pcavs rp 89/24 27.0 1.125 0.448 
Pcavslp 89/25 28.1 1.280 0.678 
Total 89/36 40.4 1.176 0.545 
Pcavs= periapical cavities ant= anterior rp= right posterior lp= left posterior 
Table 4.19 reveals that 40% of the sample examined had periapical cavities in at least 
one of the three dental regions, with the posterior regions being affected more than the anterior 
region. The mean severity of periapical cavities for all three dental regions and for the entire 
sample overall was low, or slight. The prevalence and severity of periapical cavities in relation 
to both sex and age is presented in Tables 4.20 and 4.21. 
Table 4.20. The prevalence and mean severity of periapical cavities in relation to sex 
Female Male Sie:nificance 
Prevalence Severity Prevalence Severity Prev Sev 
n/cases Frea(%) mean s.d. n/cases Frea(%) mean s.d. 
Pcav ant 43/9 20.9 1.22 0.67 30/6 20.0 1.00 0.00 N.S N.S 
Pcav rp 43/10 23.3 1.10 0.32 30/8 26.7 1.25 0.71 N.S N.S 
Pcav lp 43/15 34.9 1.07 0.26 30/4 13.3 2.00 1.16 * F>M * M>F 
Total 43116 37.2 1.12 0.41 30/12 40.0 1.33 0. 77 N.S --
Pcavs= periapical cavities ant= anterior rp= right posterior lp= left posterior N.S= not statistically 
significant F>M= females more frequently affected than males M>F= males more frequently affected than 
females * significant at the 5% level ** significant at the 1 % level 
Table 4.20 shows that the total prevalence of periapical cavities was similar between 
females and males. However, the prevalence of periapical cavities between the individual 
dental regions of both sexes reveals that the prevalence of cavities in the anterior and right 
posterior regions were similar between the two sexes, while in the left posterior region females 
had a significantly higher prevalence of periapical cavities. A comparison of the prevalence of 
periapical cavities within each sex shows that females were more affected by periapical cavities 
in the posterior regions of the dental arch than the anterior region, while males were most 
affected by periapical cavities in the right posterior region and least affected by them in the left 
posterior region. The mean severity of periapical cavities was higher in males than the females 
both overall and in the two posterior regions, while the females displayed the highest mean 
severity of periapical cavities in the anterior dental region. However, of these results only the 
mean severity of periapical cavities in the left posterior region showed a significant difference 
at the 5% level, with males being more severely affected. This table also shows that the mean 
severity of periapical cavities in the females was highest in the anterior region and lowest in the 
left posterior region, while in males this finding was reversed. 
Table 4.21. The prevalence and mean severity of periapical cavities in relation to age 
Young Middle Old 
Prevalence Severity Prevalence Severity Prevalence Severity 
n/cases Freq(%) mean s.d. n/cases Frea(%) mean s.d. n/cases Frea(%) mean s.d. 
Pcav ant** 34/0 0.0 - - 36/7 19.4 1.29 0.76 19/12 63.2 1.00 0.00 
Pcav rp** 34/0 0.0 - - 36/11 30.6 1.09 0.30 19/13 68.4 1.15 0.56 
Pcav lp** 34/1 2.9 1.00 - 36/13 36.1 1.08 0.28 19/11 57.9 1.55 0.93 
Total** 34/1 2.9 1.00 -- 36/19 52.8 1.13 0.43 19/16 84.2 1.22 0.64 .. 
Pcav= Periapical cavities ant= antenor rp= nght posterior lp= left postenor ** showed a sigmfrcantly 
higher frequency of periapical cavities with age at the 1 % level 
Table 4.21 demonstrates that the prevalence of periapical cavities increased with age at 
the 1 % level for all three dental regions and the total sample. In all cases ( except the anterior 
region of the dental arch), the mean number of periapical cavities per individual increased with 
age, but this was not found to be significant at the 5% level. 
Table 4.22. The prevalence and mean severity of periapical cavities in relation to 
geographical provenance 
North Island South Island Chatham Islands 
Prevalence Severity Prevalence Severity Prevalence Severity 
n/cases Frea(%) mean s.d. n/cases Frea(%) mean s.d. n/cases Freq(%) mean s.d. 
Pcav ant 16/2 12.5 1.00 0~00 51/14 27.5 1.14 0.54 10/1 10.0 1.00 --
Pcav rp 16/5 31.3 1.00 0.00 51/14 27.5 1.21 0.58 10/3 30.0 1.00 0.00 
Pcav lp 16/4 25.0 1.00 0.00 51/16 31.4 1.44 0.81 10/3 30.0 1.00 0.00 
Total 1617 43.8 1.00 0.00 51123 45.1 1.27 0.66 10/4 40.0 1.00 0.00 
Pcav= Periapical cavities ant= anterior rp= right posterior lp= left posterior 
Table 4.22 shows that the prevalence of periapical cavities for both the total sample and all 
three regions of the dental arch was similar between all three subsamples, with none showing 
a statistically significant relationship with prevalence at the 5% level. Both the North and 
Chatham Island individuals showed higher prevalences of periapical cavities in the posterior 
regions than the anterior region, but in the South Island Maori only the left posterior region 
did, as the prevalence of periapical cavities in both the anterior and right posterior regions were 
equal. Although statistically insignificant, the mean severity of periapical cavities was slightly 
higher in all three dental regions of the South Island subsample than the other two subsamples, 
which indicates that the South Island inhabitants had multiple periapical cavities when affected. 
These were commonly a combination of granulomata, cysts, and abscesses. Photographs of 
the extent of periapical cavities in some of these South Island individuals can be seen in 
Figures 4.2-4.4 on the following page. Furthermore, only the South Island individuals 
showed a higher mean number of periapical cavities in the posterior regions of the dental arch 
than the anterior region, as both the North and Chatham Island subsamples had the same mean 





Figures 4.2 and 4.3. The periapical cavities affecting both the left (Figure 4.2) and right (Figure 4.3) sides of the 
maxillary dental region of an old aged Maori from coastal Otago in the South Island (E277). Figure 4.2 shows a large 
abscess above and surrounding the roots of teeth 24-26. The large drainage sinus of this abscess is indicated by an 
asterisk. Reactive alveolar bone surrounding this region is apparent and a periapical cyst opening out into the lingual 
side of teeth 13 and 14, indicated by an arrow can also be seen. Figure 4.3 shows a large periapical cyst causing the 
antemortem loss of tooth 16. The arrow head in this figure marks the region where the periapical cyst shown in Figure 
4.2 lies. The actual cyst cannot be seen from buccal aspect. This individual also possesses severe tooth attrition with 
some teeth worn down so much that the pulp cavity is exposed. 
Figure 4.4. Lateral view of the right side of a mandible from 
a middle aged Maori from coastal Otago in the South Island 
(E85), showing periapical granulomata on teeth 31-35. The 
extreme attrition level of the teeth and the reactive alveolar 
bone surrounding the cavities can also be seen . 
Figure 4.5. Inferior view showing the severe maxillary 
dental attrition of an old aged Maori from coastal Otago 
in the South Island (B399). All remaining teeth show 
severe attrition levels with many having exposed pulp 
cavities. 
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4.5 RELATIONSHIP BETWEEN THE DENTAL VARIABLES EXAMINED AND 
TMJ PATHOLOGICAL CHANGES 
In all cases joint components of individuals that received degeneration severity values of 
1 (or not degenerated) and/or values of O (or absent) for each dental factor were excluded from 
all calculations. Therefore, the results presented in the following tables depict the relationship 
between pathological changes in each TMJ component with the prevalence or mean severity of 
a particular dental factor in affected individuals only. The original data for all analyses 
conducted in this section is provided in Appendix 2. 
4.5.1 TOOTH LOSS 
Table 4.23. The relationship between the prevalence of tooth loss and the prevalence of 
TMJ pathology (p-values) 
Tooth loss Tooth loss Tooth loss 
anterior right posterior left posterior 
Right condyle 0.110 0.055 0.039* 
Right fossa 0.876 0.063 0.812 
Left condyle 0.386 0.780 0.241 
Left fossa 0.421 0.129 0.439 
* significant at the 5% level 
The P-values presented in Table 4.23 reveal that only the prevalence of tooth loss in the 
left posterior region showed a significant association to the prevalence of degeneration in the 
right condyle at the 5% level, although the low p-values obtained between the prevalence of 
tooth loss in the right posterior region and the prevalence of degeneration in both of the right 
TMJ components also implies that a relationship may exist. Table 4.24 shows the relationship 
between the severity of degeneration in each TMJ component with the number of teeth lost in 
each defined dental area. However, only the extent of tooth loss in the right posterior area of 
the dental arch showed any indication of a relationship with the severity of pathological 
changes in the left fossa, but again this was not quite significant at the 5% level. 
Table 4.24. The relationship between the extent of tooth loss and the severity of TMJ 
pathology (p-values) 
Tooth loss Tooth loss Tooth loss 
anterior right posterior left posterior 
Right condyle severity 0.458 0.523 0.751 
Right fossa severity 0.551 0.392 0.446 
Left condyle severity 0.935 0.979 0.580 




4.5.2 DENTAL ATTRITION 
Table 4.25. The relationship between the level of dental attrition and the prevalence of 
TMJ degeneration (p-values) 
Dental attrition ant Dental attrition rp Dental attrition lp 
Right condyle 0.323 0.002** 0.011 * 
Right fossa 0.795 0.334 0.262 
Left condyle 0.426 0.426 0.092 
Left fossa 0.201 0.165 0.046* 
ant= anterior rp= right posterior lp= left posterior * significant at the 5% level 
** significant at the 1 % level 
Table 4.25 reveals that a significant association existed between the level of dental 
attrition in the right and left posterior dental regions and the prevalence of degenerative 
changes in the right condyle at the 1 % and 5% levels, respectively, and also between the left 
posterior dental region and the prevalence of degenerative changes in the left fossa at the 5% 
level. Furthermore, a significant association was almost evident at the 5% level between the 
level of dental attrition in the left posterior region and the prevalence of degeneration in the left 
condyle. The results in Table 4.26 below highlight the relationship between the level of dental 
attrition in each of the three regional divisions with the severity level of degeneration for each 
joint component. From this table it is evident that the level of dental attrition in each defined 
dental region did not have a significant correlation with the severity of degeneration in any of 
the joint components at the 5% level of significance. 
Table 4.26. The relationship between the level of dental attrition and the severity of TMJ 
pathology (p-values) 
Dental attrition ant Dental attrition rp Dental attrition lp 
Right condyle severity 0.416 0.592 0.222 
Right fossa severity 0.717 0.551 0.807 
Left condyle severity 0.722 0.688 0.754 
Left fossa severity 0.105 0.531 0.684 
ant= anterior rp= right posterior lp= left posterior 
4.5.3 PERIAPICAL CAVITIES 
Table 4.27. The relationship between the prevalence of periapical cavities and the 
prevalence of TMJ pathological changes (p-values) 
Cavities anterior Cavities right posterior Cavities left posterior 
Right condyle 0.122 0.026* 0.496 
Right fossa 0.181 0.947 0.036* 
Left condyle 0.253 0.709 0.709 
Left fossa 0.652 0.679 0.351 
* significant at the 5% level 
The results in Table 4.27 demonstrate that the prevalence of periapical cavities in both 
the right and left posterior regions had a significant association at the 5% level to the 
prevalence of pathological changes in both the right condyle and fossa. The prevalence of 
periapical cavities was not significantly associated with the prevalence of degeneration in the 








left TMJ. The results presented in Table 4.28 pertain to the relationship between the mean 
number of periapical cavities in each defined area of the dental arch and the mean severity of 
degeneration in each of the four TMJ components. The relationship between the mean number 
of periapical cavities in the anterior dental region and the severity of degeneration in both 
fossae could not tested statistically. From the results that are apparent in this table, it is clear 
that there is no relationship between the severity of TMJ degeneration and the number of 
periapical cavities present at the 5% level. 
Table 4.28. The relationship between the mean number of periapical cavities and the 
severity of TMJ pathology (p-values) 
Cavities anterior Cavities right posterior Cavities left posterior 
Right condyle 0.333 0.822 0.899 
Right fossa -- 0.346 0.791 
Left condyle 1.000 0.189 0.791 
Left fossa -- 0.549 0.325 
4.6 DENTAL CARIES 
Dental caries were found in four middle aged and three young Maori adults. Two of the 
young adults were from coastal Otago, while the other was from the Auckland region. In all 
three cases only slight caries were apparent. Of the four middle aged individuals, three had at 
least one massive caries. Three of these individuals were from the North Island, while the 
other was from an unknown location. However, although it was not possible to test the 
relationship of dental caries to the occurrence of TMJ degeneration, it does appear that a 
relationship between dental caries and TMJ pathology did not exist. This is because the 
severity of TMJ degeneration was similar between individuals with massive caries and those 
with minor caries, and two individuals (one with massive caries and one with minor caries), 
did not have any degenerated joint components. The severity level of dental caries themselves 
appeared to be age related, as massive caries were only found in the middle aged adults. The 
original data is presented in Appendix 2. 
4. 7 CONGENITAL ABNORMALITIES IN RELATION TO TMJ PATHOLOGY 
All results presented in this section were not tested statistically, as the occurrence of 
each of these factors within the sample was minimal. Instead relationships between the 
prevalence of each congenital anomaly and the prevalence and severity of TMJ pathological 
changes were examined from a purely observational viewpoint. The original data for all 







4.7.1 BIFID CONDYLE 
Four individuals had evidence of bifid condyle on at least one side (Figures 4.6 and 
4.7). All four individuals were Maori with three of these being from coastal Otago and the 
fourth from the Wellington region. Bilateral bifid condyle was present in three of these four 
individuals, and the level of bifid condyle in these individuals ranged from 1 to 4. The 
prevalence and level of bifid condyle did not appear to be related to sex, age, or geographical 
provenance in this sample. Furthermore, the level of bifid condyle did not appear to be related 
to the severity of degeneration in either the ipsilateral or contralateral fossa, as the individual 
with the most extreme form of bifid condyle (Figure 4.6) did not have any evidence of 
degeneration in her corresponding fossae. 
Figures 4.6 and 4.7. A superior view of the left and right mandibular condyles of a young female 
Maori from coastal Otago (E276). The left condylar head (Figure 4.6) shows a very prominent sagittal 
groove which effectively separates the condylar head into two articular facets. The level of bifid condyle in 
this condyle was scored as 4. Figure 4.7 shows a less severe form of bifid condyle where the groove fails 
to separate the condylar head into two articular facets. The level of bifid condyle in this condyle was scored 
as 2. 
4.7.2 DENTAL ABNORMALITIES 
4.7.2.1 Supernumerary Teeth 
Two individuals in the sample had one or more supernumerary teeth. The first, a young 
Chatham Island Moriori of undetermined sex, had two extra maxillary molar teeth, each of 
which were located behind the third molar on both sides of the jaw. The other individual, a 
young female coastal Otago Maori, had an extra incisor located in the mandible between teeth 
41 and 42. This same individual had the most severe form of bifid condyle shown in Figure 
4.6. Only the Moriori individual showed evidence of pathological changes in a joint 
component, which in this case was slight degeneration in the left fossa. The remaining three 






4.7.2.2 Rotated, missing, and misplaced teeth 
Only four individuals in this sample had any of these congenital abnormalities. All four 
were females. Two of these individuals had evidence of one of these congenital abnormalities, 
while the other two had two different types. The first, a young Maori adult from coastal Otago 
had one rotated first premolar tooth, and two missing second premolar teeth in her maxilla 
(Figure 4.8) . The other individual with a number of congenital abnormalities was a middle 
aged Moriori. This individual's maxillary first premolars are both rotated, with tooth 14 being 
rotated and misplaced so that it erupted mesial to the canine (Figure 4.9). Because of this, this 
premolar exhibits a wear pattern like that of an incisor (Figure 4.9). The remaining two 
individuals with abnormalities were both South Island Maori one of which was middle aged, 
while the other was estimated to be old aged. The middle aged Maori had congenital absence 
of maxillary tooth 25, while the other individual had a rotation of tooth 35. In all four 
individuals, there did not appear to be a relationship between the type of congenital 
abnormality present and the severity of pathological changes in each of the TMJ components 
examined, whether ipsilateral or contralateral, as all four individuals had levels of degenerative 
changes in their TMJ' s that was at most slight. 
Figure 4.8. An inferior view of the maxillary dental region of a young female Maori 
from coastal Otago (B486). The a1Tows in this figure point to the regions in the dental arch 
where a second premolar tooth is missing. The asterisk in this figure shows the rotation of 














Figure 4.9. An inferior view of the maxillary dental region of a middle aged female 
Moriori (E32). As is evident in this figure, both first premolars are rotated, with tooth 
14 being rotated and misplaced so that it erupted mesial to the canine. Interestingly, 
this misplaced premolar has a wear pattern like that of an incisor and not a premolar. 
OTHER ABNORMALITIES ENCOUNTERED AND THEIR RELATIONSIDP 
TO TMJ PATHOLOGY 
One middle aged Maori individual from the Hawkes Bay had lost teeth 44-48 from a 
local, malignant, ameloblastoma (Dias, 2000; pers. comm.). This can be seen in Figure 4.10. 
As this individual had only slightly degenerated condyles and no degeneration in the respective 
fossae, the effect of this tumour on the TMJ was insignificant. 
Figure 4.10. A local, malignant ameloblastoma causing the loss of mandibular 
teeth 44-48 antemortem, in a middle aged Maori individual from the Hawkes Bay 
region (B213). The depression evident on the buccal aspect of the bone reflects the 
extension of the soft tissue lesion. 
An old aged Maori from inland Otago had an aneurysmal bone cyst which spanned teeth 
41 to 43 (Dias, 2000; pers. comm.). The alveolar bone and teeth in this region were still 











The final abnormality encountered in this sample was a bony lesion which appeared to 
have been formed by a kerato or primordial cyst. Photographs of the occurrence of this cyst 
can be seen in Figures 4.11 and 4.12. As illustrated in these figures, there is no root 
resorption which indicates that it is a kerato cyst and not some sort of malignant tumour (Dias, 
2000; pers. comm.). The affected individual was again an inland Otago Maori of old age . 
The cyst affected the right mandibular third molar and continued into the alveolar bone of the 
adjacent second and first molar teeth. This individual had very severe degeneration of his right 
condyle and moderate degeneration of his left. His right fossa was moderately degenerated 
and his left only slightly. This infers that this cyst may have increased the amount of 
degeneration in the right TMJ, particularly the condylar component. However, it must be 
noted that this same individual had a large abscess and two periapical cysts in his maxilla 
(Figures 4.2 and 4.3), which may have also created the degenerative pattern seen in the four 
joint components . 
Figure 4.11. Superior view of a mandible from a old aged Maori (E277) from 
inland Otago showing a bony lesion which appeared to have been formed by a kerato 
or primordial cyst in the region of the right third molar. Marked tooth attrition in the 










Figure 4.12. A lateral view of the same mandible as Figure 4.11 showing the 
continuation of the kerato cyst into the adjacent second and first molar teeth. Again 
marked tooth attrition can be seen on the teeth present. 
FERN ROOT PLANES 
A total of twelve individuals of either middle or old age showed evidence of slight fern 
root planes in their dentition. Three of these were Moriori, while the rest were Maori. In 
almost all cases the first mandibular molar was affected, with some individuals also displaying 
fern root planes in the first premolar, and first and second maxillary and/or mandibular molar 
teeth. Both the occurrence of these planes and the number of teeth affected by the condition 
failed to show a relationship with TMJ pathological changes, as some of these individuals did 
not have degenerated joint components, but were of old age, while others were more 
moderately degenerated. However, although only twelve individuals had fern root planes, 
many more prehistoric Polynesians in the collection did have them, but these individuals were 
not included in the sample due to uncontrollable factors like postmortem damage. Therefore, 
although twelve individuals in the present sample had fern root planes, it appears that this is 
not truly representative of the actual proportion of fern root planes within this population. A 
photograph of a slight fern root plane found in this sample is presented in Figure 4.13, while 
an extreme example of a fern root plane present in a prehistoric Polynesian that could not be 








Figure 4.13. A lateral view of the left mandible of a middle aged Moriori (E32) 
showing evidence of a slight fem root plane on the first molar tooth. 
Figure 4.14. A lateral view of the left mandible of a middle aged male Moriori 
(E171) showing evidence of an extreme fern root plane on the first molar tooth, 
resulting in its dislocation and extreme attrition . 
4.10 THE RELATIONSHIP BETWEEN THE LOCATION OF CONDYLAR 
ENTHESOPHYTES AND TMJ PATHOLOGY 
From the total sample, 46 individuals (or 51.7%) had at least one mandibular 
enthesophyte. The presence of enthesophytes did not appear to be related to either the sex or 
age of the individual as people of all ages and both sexes had enthesophytes. Likewise, the 
presence of enthesophytes did not appear to be related to the provenance of each individual as 
enthesophytes were not found predominately in one particular provenance whether ecological 
or geographical. In order to compare the occurrence of degenerative changes in each TMJ 
component with the presence of condylar enthesophytes, all values of 1 (or not degenerated) 
for all TMJ components and values of O (or absent) for the occurrence of enthesophytes were 
omitted from the calculations. Therefore, the following tables show the relationship between 









in affected individuals only. A photograph of condylar enthesophytes found in a North Island 
Maori individual is presented in Figure 4.15 below . 
Figure 4.15. An anterior view of the left condyle of a middle aged male North 
Island Maori (E223), demonstrating the presence of a small medial (M) and a 
large lateral (L) enthesophyte. 
Table 4.29. The prevalence of mandibular enthesophytes in relation to the prevalence of 
TMJ pathology (p-values) 
Enthesophytes Enthesophytes 
on right condyle on left condyle 
Right condyle 0.711 0.714 
Right fossa 0.790 0.344 
Left condyle 1.000 0.632 
Left fossa 0.211 0.367 
As is evident in Table 4.29 above, the prevalence of enthesophytes was not found to be 
significantly related to the prevalence of degeneration in any of the four TMJ components at 
the 5% level. Table 4.30 shows that only the severity of pathological changes in the right 
fossa showed a significant association to the type of mandibular enthesophyte at the 5% level, 
which in this case was a lateral enthesophyte. 
Table 4.30. The type of mandibular enthesophytes in relation to the severity of TMJ 
degeneration (p-values) 
Enthesophytes Enthesophytes 
on right condyle on left condyle 
Right condyle severity 0.570 0.836 
Right fossa severity 0.035* 0.502 
Left condyle severity 0.283 0.736 
Left fossa severity 0.748 0.549 
4.11 PREVALENCE OF GROOVING IN THE FOSSAE 
Many individuals in this sample showed varying levels of grooving in the mandibular 
fossa. The occurrence of this grooving in the fossae was of unknown aetiology. Photographs 







against the prevalence and severity of pathological changes in the TMJ were retested against 
the prevalence and severity of grooving in the fossae. The prevalence of each severity level of 
fossa grooving in this sample is shown in Figure 4.19. All raw data for the following tests 
and tables are presented in Appendix 2 . 
Figure 4.16. A superior view of the left fossa of a middle aged male coastal Otago Maori 
(E23), showing slight grooving on the lateral aspect of the lateral anterior slope of the 
articular eminence. The zygomatic arch is labelled with a Z, while the posterior slope of the 
articular eminence and the roof of the fossa are indicated with a P and R, respectively. 
Figures 4.17 and 4.18. Figure 4.17 is a superior view of the right fossa of a middle aged 
central Otago Maori (Bl46), demonstrating a moderate groove (indicated with an arrow) in the medial 
aspect of the posterior slope of the articular eminence. There is also some severe localised pitting 
lateral to this groove. Figure 4.18 is a superior view of the right fossa of a young coastal Otago 
Maori of undetermined sex (E276), showing a large severe groove in the central region of the 
posterior slope of the articular eminence. There are also three slight diagonal grooves on the lateral 











4.11.1 PREVALENCE OF FOSSA GROOVING 
From the sample examined 32 of the 89 individuals (or 36%) had grooving in at least 
one fossa. All grooving that occurred was localised on the articular eminence only. All results 
presented in the tables of this section were calculated for affected individuals only. The 
prevalence and mean severity of fossa grooving in the entire sample is presented in Table 
4.31 . 
Table 4.31. The prevalence and mean severity of fossa grooving for the entire sample 
Prevalence Severity 
n/cases Freq(%) Mean s.d. 
Right fossa grooving 76/22 28.9 1.55 0.86 
Left fossa grooving 76/24 31.6 1.50 0.78 
Total 89/32 36.0 1.52 0.81 
Table 4.31 shows that both the prevalence and mean severity of fossa grooving was 
similar between fossae. Statistical tests on the prevalence of grooving between fossae reveals 
that a statistically significant difference existed at the 1 % level (p<0.001) with the left fossa 
being more affected than the right. However, it is important to note that this statistical result 
only represents the relationship between the prevalence of grooving in each fossa where both 
joints were present for each individual, which was a total of 62 individuals. In other words, 
individuals that had only one TMJ that could be examined were excluded from this calculation, 
meaning that this result differs from the results shown in Table 4.31. The extent to which the 
fossae were affected by grooving is evident in Figure 4.19. 
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Figure 4.19. The severity of grooving in each fossa component. 
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Figure 4.19 demonstrates that the prevalence of grooving was very symmetrical 
between fossae with both showing a noticeably higher prevalence of slight levels of 
degeneration than both moderate and severe levels. In fact, the relationship between the 
severity of grooving between fossae did not show a significant difference at the 5% level (p= 
0.810). 
4.11.2 FOSSA GROOVING IN RELATION TO SEX, AGE, AND GEOGRAPHICAL 
PROVENANCE 
The results presented in Table 4.32 below, show that for both fossae and the total 
sample, males had a noticeably higher frequency of grooving than the females, although this 
was not found to be significant at the 5% level. A comparison of the frequency of grooving 
between the fossae of both sexes, reveals that the frequency of grooving in the right fossa was 
higher than that of the left in the females, while in the males the prevalence of grooving was 
similar between fossae. The results in this table also show that the mean severity of grooving 
for both fossae and the total sample was similar between both sexes. However, it must be 
noted that Table 4.32 does not include individuals whose sex could not be estimated. 
Table 4.32. The prevalence and mean severity of fossa grooving in relation to sex 
Female Male Significance 
Prevalence Severity Prevalence Severity Prev Sev 
n/cases Frea(%) mean s.d. n/cases Frea(%) mean s.d. 
RF grooving 38/10 26.3 1.30 0.68 23/8 34.8 1.25 0.71 N.S N.S 
LF grooving 34/6 17.6 1.17 0.41 26/10 38.5 1.20 0.42 N.S N.S 
Total 43/12 27.9 1.25 0.58 30112 40.0 1.22 0.55 N.S --
RF= right fossa LF= left fossa N.S= not statistically significant 
From Table 4.33 below, it is evident that both the frequency and mean severity of 
grooving did not increase with age, as the middle aged adults had the lowest prevalence and 
total severity of grooving. The highest total prevalence and severity of fossa grooving was 
found in the young adults. 
Table 4.33. The prevalence and mean severity of fossa grooving in relation to age 
Young Middle Old 
Prevalence Severity Prevalence Severity Prevalence Severity 
n/cases Freq(%) mean s.d. n/cases Frea(%) mean s.d. n/cases Freq(%) mean s.d. 
RFGrv 31/12 38.7 1.50 0.80 29/5 17.2 1.40 0.89 16/5 31.3 1.80 1.20 
LFGrv 28/9 32.1 1.78 0.97 32/9 28.1 1.44 0.73 15/6 40.0 1.17 0.41 
Total 34115 44.1 1.62 0.87 36/9 25.0 1.43 0. 76 19/8 42.1 1.46 0.82 
RFGrv= Right fossa grooving LFGrv= Left fossa grooving 
4.11.3 FOSSA GROOVING IN RELATION TO PROVENANCE 
The following tables in this section do not include individuals of unknown provenance. 
Therefore, the results presented in these tables are not representative of the entire sample. 
Table 4.34. The prevalence and mean severity of fossa grooving in relation to ecological 
provenance 
Inland Coastal Sienificance 
Prevalence Severity Prevalence Severity Prev Sev 
n/cases Freq(%) mean s.d. n/cases Frea(%) mean s.d. 
RF grooving 5/1 20.0 3.00 - 62/19 30.6 1.42 0.77 N.S N.S 
LF grooving 6/2 33.3 2.00 0.00 59/20 33.9 1.50 0.83 N.S ** I>C 
Total 712 28. 6 2.33 0.58 70127 38. 6 1.46 0.79 N.S --
RF= right fossa LF= left fossa N.S= not statistically significant **l>C= inland individuals have a 
significantly higher severity of grooving than those from more coastal locations at the 1 % level. 
Table 4.34 reveals that for the total sample, individuals from more coastal regions had a 
noticeably higher frequency of fossa grooving than those from more coastal regions, however 
this was not found to be significant at the 5% level. This result may be due to the marked 
difference in sample size between the inland and coastal individuals. The mean severity was 
higher in the inland subsample than the coastal subsample for both fossae and overall, but only 
the severity of grooving in the left fossa was significantly higher in the inland individuals than 
the coastal individuals at the 1 % level. 
Table 4.35. The prevalence and mean severity of fossa grooving in relation to 
geographical provenance 
North Island South -Island Chatham Islands 
Prevalence Severity Prevalence Severity Prevalence Severity 
n/cases Frea(o/o) mean s.d. n/cases Freo(%) mean s.d. n/cases Freo(%) mean s.d. 
RFGrv 13/4 30.8 1.25 0.50 44/10 22.7 1.80 1.03 10/6 60.0 1.17 0.41 
LFGrv 13/3 23.1 1.67 1.16 42/15 35.7 1.40 0.74 10/4 40.0 2.00 0.82 
Total 16/6 37.5 1.43 0.79 51/17 33.3 1.56 0.87 10/6 60.0 1.50 0.71 
RFGrv= Right fossa grooving LFGrv= Left fossa grooving 
Table 4.35 shows that the frequency of grooving was highest in the Chatham Island 
individuals for both fossae and the total sample. However, this was not found to be 
significant at the 5% level. These results also show that the mean severity of grooving was 
highest in the South Island subsample for both the total sample and the right fossa, but in the 
left fossa the highest mean severity of grooving were found in the Chatham Island subsample. 
Again these results were not found to be significant at the 5 % level. 
4.12 RELATIONSHIP BETWEEN THE DENTAL VARIABLES EXAMINED AND 
FOSSAE GROOVING 
The results presented in the following tables depict the relationship between fossa 
grooving and the prevalence or mean severity of a particular dental factor in affected 





4.12.1 TOOTH LOSS 
Table 4.36. The relationship between the prevalence of tooth loss and the prevalence of 
fossa grooving (p-values) 
Tooth loss Tooth loss Tooth loss 
anterior right posterior left posterior I Right fossa grooving 0.900 0.129 0.899 
Left fossa grooving 0.059 0.224 0.887 
The P-values presented in Table 4.36 show that a significant association between the 
prevalence of tooth loss in any of the three dental regions and the prevalence of grooving in 
either fossa did not exist at the 5% level. Table 4.37 reveals that the number of teeth lost in all 
three dental regions did not have a significant correlation with the severity of grooving in either 
fossa at the 5% level either. The severity of tooth loss in the anterior dental region in relation 
to the severity of grooving in the left fossa could not be tested statistically as the occurrence of 
tooth loss in this region was too low. 
Table 4.37. The relationship between the severity of tooth loss and the severity of fossa 
grooving (p-values) 
Tooth loss Tooth loss Tooth loss 
anterior right posterior left posterior I Right fossa grooving 0.685 0.820 0.300 
Left fossa grooving -- 0.664 0.572 
4.12.2 DENTAL ATTRITION 
Table 4.38. The relationship between the level of dental attrition and the prevalence of 
fossa grooving (p-values) 
Dental attrition ant Dental attrition rp Dental attrition lp I Right fossa grooving 0.125 0.493 0.712 
Left fossa grooving 0.530 0.841 0.996 
ant= anterior rp= right posterior lp= left posterior 
Tables 4.38 and 4.39 show that there was no significant relationship between the 
prevalence and severity of fossa grooving and tooth attrition at the 5% level. 
Table 4.39. The relationship between the level of dental attrition and the severity of fossa 
grooving (p-values) 
Dental attrition ant Dental attrition rp Dental attrition lp I Right fossa grooving 0.498 0.990 0.651 
Left fossa grooving 0.148 0.106 0.149 
ant= anterior rp= right posterior lp= left posterior 
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4.12.3 PERIAPICAL CAVITIES 
Table 4.40. The relationship between the prevalence of periapical cavities and the 
prevalence of fossa grooving (p-values) 
Periapical Periapical cavities Periapical cavities 
cavities anterior right posterior left posterior I Right fossa grooving 1.000 0.445 0.837 
Left fossa grooving 0.395 0.572 0.983 
Table 4.40 demonstrates that a significant association between the prevalence of 
periapical cavities in each dental region and the severity of grooving in each fossa did not exist 
at the 5% level. Table 4.41 shows from the two P-values that could be calculated that the 
severity of grooving in the fossae was not related to the mean number of periapical cavities in 
the left posterior region of the dental arch. Statistical results for the mean number of periapical 
cavities in the anterior and right posterior regions of the dental arch in relation to the severity of 
grooving in both fossae could not be calculated. 
Table 4.41. The relationship between the severity of periapical cavities and the severity 
of fossa grooving (p-values) 
Periapical Periapical cavities Periapical cavities 
cavities anterior right posterior left posterior I Right fossa grooving -- -- 0.374 
Left fossa grooving -- -- 0.374 
4.13 THE RELATIONSHIP BETWEEN THE LOCATION OF CONDYLAR 
ENTHESOPHYTES AND GROOVING IN THE FOSSAE 
In order to compare the occurrence of grooving in the fossae with the presence of 
condylar enthesophytes, all values of O (or not grooved) for the fossae and values of O (or 
absent) for the occurrence of enthesophytes were omitted from the calculations. Therefore, the 
following tables show the relationship between the prevalence of condylar enthesophytes and 
the prevalence and severity of fossa grooving in affected individuals only. 
Table 4.42. The prevalence of mandibular enthesophytes in relation to the prevalence of 
fossa grooving (p-values) 
Enthesophytes Enthesophytes 
on right condyle on left condy le I Grooving right fossa 0.424 0.360 
Grooving left fossa 0.553 0.872 
Table 4.42 reveals that the prevalence of fossa grooving was not found to be related to 
the prevalence of condylar enthesophytes at the 5% level. Table 4.43 below shows that the 
severity of grooving in the fossae also did not show a significant relationship to the type of 
enthesophytes present at the 5% level. 




Table 4.43. The prevalence of mandibular enthesophytes in relation to the severity of 
fossa grooving (p-values) 
Enthesophytes Enthesophytes 
on right condyle on left condyle I Grooving right fossa 0.530 0.497 
Grooving left fossa 0.185 0.761 
4.14 SUMMARYOFRESULTS 
The pathological changes encountered in 75.3% of the sample were all deemed to be 
evidence of DID. The fossae were more frequently affected, while the condyles were more 
susceptible to severe changes, although this was only found to be significant between the right 
fossa and both condyles at the 5% level. Statistically significant differences occurred between 
the prevalence of degeneration between the fossae and condyles, with the left TMJ 
components being more frequently affected. The distribution of degeneration between fossae 
was similar, whereas the left condyle appeared to be more severely affected than the right, 
although this was not found to be statistically significant. The majority of pathological 
changes encountered in the fossae affected the articular eminence (particularly the posterior 
slope), while degeneration in the condyles was slightly more prevalent in the anterior portion 
of the condylar head (particularly the antero-medial region) than the posterior portion. 
The pathological changes encountered had a strong relationship with sex, with males 
being more frequently, but not necessarily more severely affected than the females. Age also 
appeared to involved in the occurrence of TMJ degeneration, but a statistically significant 
association between age and TMJ degeneration was only found in the right condyle. 
Likewise, ecological provenance appeared to be related to the prevalence of TMJ pathology 
with coastal individuals being more frequently affected than those from more inland regions. 
Again however, this was not found to be statistically significant at the 5% level, but this may 
be due to the disparity in sample size between the two subsamples. Interestingly, despite all 
ten Chatham Island individuals being affected by degeneration in at least one of their joint 
components, geographical provenance was not found to be related to either the prevalence or 
severity of TMJ degeneration either. 
In regard to the dental variables of tooth loss, tooth attrition, and inflammation or 
infection of the alveolar bone, it was revealed that all three of these dental variables were 
significantly related to age, but not sex or geographical provenance. However, the prevalence 
of both tooth loss and inflammatory or infective changes, as well as the level of dental attrition 
in the sample was high, but the number of teeth affected by both tooth loss and inflammatory 
or infective changes in each individual was low. Neither tooth loss, tooth attrition, or 
inflammation or infection of the alveolar bone were found to be significantly related to the 
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severity of TMJ pathology, but both tooth loss and inflammation or infection of the alveolar 
bone were found to have a significant association with the prevalence of TMJ degeneration in 
some joint components. The prevalence of the final dental factor examined (dental caries), 
was very low, as only seven individuals displayed evidence of them. The occurrence of dental 
caries appeared to be related to both sex and age, but they did not appear to influence either the 
prevalence or severity of TMJ pathology. 
The incidence of bifid condyle and the dental abnormalities of supernumerary, rotated, 
missing, and misplaced teeth in the sample was low. The occurrence of each of these 
anomalies were not related to the prevalence or severity of TMJ pathology. The prevalence of 
fem root planes and other abnormalities was also low, and again these variables did not appear 
to influence either the prevalence or severity of TMJ degeneration. Finally, the presence of 
condylar enthesophytes did not affect the prevalence of TMJ pathology, but the type of 
enthesophytes did appear to affect the severity of degeneration in the right fossa. 
In regard to fossa grooving, 36% of individuals had fossa grooving, which was 
localised upon the articular eminence only. The prevalence and severity of grooving was 
symmetrical between fossae, but both its prevalence and severity was not related to any of the 
variables tested, that is; sex, age, provenance, tooth loss, tooth attrition, inflammation or 
infection of the alveolar bone, and condylar enthesophytes. 





The aim of this study was to determine the types of pathologies that exist in the TMJ of 
the New Zealand prehistoric Maori and Moriori and to investigate their possible aetiologies. 
Variables tested that have been proposed to affect the occurrence of TMJ pathological changes 
include; sex, age, provenance, selected dental conditions, and congenital abnormalities. In 
addressing the aim of this study a number of hypotheses were tested. Briefly, it was 
hypothesised that the sample would show a high prevalence and a lateral predominance of 
TMJ pathological changes, which would increase with age and vary by provenance, that the 
dentition would affect the TMJ, and that females would be more frequently and severely 
affected by TMJ degeneration than the males. However, it is acknowledged that the variables 
tested and TMJ degeneration are not independent (as discussed in section 2.5.3). Therefore, 
the relationship between each of the variables tested and TMJ pathological changes are 
discussed in the following sections of this chapter with special consideration to any 
multifactorial effects. 
5.2 PREVALENCE AND SEVERITY OF TMJ DEGENERATION IN THE 
SAMPLE 
The results show that 75.3% had degeneration in at least one of their joint components. 
In all cases the degenerative changes encountered were considered to represent evidence of 
DID. Compared to findings by other researchers (Table 5.1), it was evident that the 
prevalence in the prehistoric Polynesian sample was very high, as the overall prevalence of 
TMJ degeneration for the majority of samples previously studied was between 15% and 40%. 
Only one autopsy study on an American population by Widmalm et al. (1994) revealed a 
similar prevalence of TMJ degeneration. However, in this sample the mean age at death was 
71.5 years for men and 73.6 years for women. This is considerably higher than that of the 
present sample where the majority of individuals examined were estimated to be of young or 
middle age (Table 4.3). Furthermore, the study by Widmalm et al. (1994) examined 
pathological changes in TMJ's with soft tissues still intact, unlike the osteological examination 






conducted in this study. As soft tissue lesions occur early in the pathogenesis of this condition 
and are easier to identify than skeletal lesions, degenerative changes would be more frequently 
recorded in autopsy studies than those based upon purely osteological examinations. This, 
along with the marked mean age difference between the current study and that by Widmalm et 
al. (1994), further shows that the prevalence of TDJD in the present sample is high. 
However, the methods incorporated for recording TMJ pathology in the current study are 
more detailed and precise than those used in previous osteological based research. In other 
words, slight levels of degeneration recorded in this study may not have been recorded in 
previous studies, which would result in a higher prevalence of degeneration being recorded in 
the current study than previous osteological research. If this is true, then the marked 
differences in the prevalence of TMJ degeneration in this study from the other osteological 
studies may in part reflect differences in the methods used to record TMJ pathology. 
The right fossa had a significantly higher frequency of degeneration than the left, while 
the reverse relationship was seen between condyles. This result was not anticipated, as the 
prevalence of degeneration was expected to be similar between articulating joint components. 
No other publications have been found with similar results. As both inter and intra-observer 
error tests on ten randomly selected individuals TMJ' s, or a total of 200 TMJ components 
revealed a high to very high consistency in the recording and rating of degenerative changes 
encountered, it is unlikely these unexpected findings result from experimental error. Perhaps 
this unexpected result may be due to one of the joint components being subjected to more 
severe degrees of biomechanical loading than the other. However, all that can be readily 
ascertained is that this unexpected outcome appears to be the result of an anomaly of unknown 
origin and is worthy of further research. 
The mean severity of TMJ degeneration was slight to moderate for the total sample. 
This is consistent with the results reported by Stokes and Fitzharris (1991) on a small sample 
from the same skeletal collection analysed in this study. This suggests that the functioning of 
the TMJ in this sample would have been still efficient in most cases. The current study found 
that the fossae were more frequently affected by pathological changes than the condyles, while 
the condyles when affected, deteriorated more severely. The apparently more severe 
degeneration in the condyles than the fossae was statistically significant, but only in relation to 
the right fossa. Research on Swedish autopsy material by Axelsson et al. (1987) and Hansson 
and Oberg (1977) as well as the research by Richards and Brown (1981) on prehistoric 
Australian Aboriginal remains, also found that the fossae were more frequently affected by 
degenerative changes than the condyles. Furthermore, skeletal research by Eversole et al. 
(1985) on a modem American sample concluded that the condyles were more severely affected 




findings in the literature, suggesting that the fossae are more frequently degenerated, while the 
condyles are more severely affected. 
No explanations as to why the different joint components are more susceptible to 
degeneration than others has been previously offered. It is suggested in this study that the 
reason why the fossae degenerated more frequently than the condyles may be due to the 
structure of the articular cartilage of these components. As discussed in section 2.2.1, the 
mandibular fossa is composed primarily of avascular fibrocartilage, while the condyles are 
composed of both avascular fibrocartilage and hyaline cartilage, the latter of which has the 
capacity to regenerate. Because of this, one would expect the fossae to be more susceptible to 
degenerative changes than the condyles. Furthermore, it is proposed that the reason why the 
condyles were more severely affected than the fossae, may be related to the difference in size 
of these components. The fossae are larger and can therefore distribute forces exerted upon 
the joint much more efficiently than the smaller condyle can. This means that the occurrence 
of any perpetuating forces that may lead to degenerative changes in the joint would be more 
localised on the condyle than the fossa, resulting in an increased severity. To conclude, it 
appears that the fossae are more frequently affected by degeneration but the condyles when 
affected, deteriorate more rapidly. 
Only four individuals had ebumation in a TMJ component, and its occurrence did not 
appear to be related to the prevalence or severity of TMJ pathology. The latter result was not 
anticipated as ebumation is implied by a number of authors to be a skeletal indicator of severe 
TDJD (Richards and Brown, 1981; Webb, 1995). As ebumation results from bone rubbing 
on bone, the low prevalence of ebumation in the sample indicates that the joint degeneration 
recorded was not in its most severe form, where the mandibular condyles articulated directly 
on their adjacent fossae. This implies that the articular tissues were still intact in the majority 
of the sample, preventing the ebumation from occurring. Supporting this notion, the 
population examined had a mean age at death that was very young, implying that the majority 
of individuals died before their joints deteriorated to their most severe form where ebumation 
occurs. Furthermore, as discussed in section 1.1.1, the result of only four individuals 
displaying ebumated joint components may indicate that these particular joints had been 
severely injured, which resulted in damage to the overlying soft tissue and the subsequent 
exposure of the underlying bone. It is also possible that perhaps these particular individuals 
may have had some other systemic conditions affecting the soft tissue that would have 
accelerated the pathogenesis of this condition in these joints. 
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Table 5.1. Comparative prevalences of TMJ degeneration 
Researchers Population n/cases Prevalence 
Griffin et al. (1979) Bronze and early Iron age British 27/5 18.5% 
Moffett (1962) Archaic North American Indians ? 41.0% 
Pietrusewsky and Douglas (1994) Hawaii--prehistoric 
Honokahuna 121/18 8.1% 
Kualoa 17/3 17.6% 
Ha'ena 250/22 8.8% 
Richards and Brown (1981) Prehistoric Aborigine skulls 101/40 40.0% 
Pietrusewsky and Douglas (1994) Hawaii--Historic/prehistoric 
'Anaeho' omalu 33/0 0.0% 
Griffin et al. (1979) Anglo-Saxon 81/13 16.0% 
Griffin et al. (1979) Christian Norse 35/10 28.6% 
Griffin et al. (1979) East coast Australian Aborigines 31/7 22.9% 
Griffin et al. (1979) Romano-British 79/8 10.5% 
Griffin et al. (1979) Medieval Scarbourough 33/4 12.1% 
Griffin et al. (1979) 17 -20th century English 43/5 11.6% 
Griffin et al. (1979) 17-20th century German 19/2 10.5% 
Hodges (1991) Five British skeletal series ? 27.3-34.2% 
Pietrusewsky and Douglas (1994) Hawaii--Historic 
Kaka'ako 24/1 4.2% 
Wai'anae 8/0 0.0% 
Auhaukea'e 10/0 0.0% 
Sheridan et al. (1991) Medieval Nubian crania 122/7 13.9% 
Waldron (1991) Spitalfields crypt east London ( 1729-1869) 706/11 1.6% 
Wedel et al. (1978) Medieval Swedish crania 96/24 25.0% 
Axelsson et al. (1987) Autopsy study on a Swedish population 84/32 38.1% 
Blackwood (1963) Autopsy and histological study on a 400/? -40.0% 
British population 
Eversole et al. (1985) 20th century American population 40/? 23.1% 
Hansson and Oberg (1977) Autopsy study on a Swedish population 102/24 23.5% 
KoPn et al. (1976) Autopsy study on a Swedish population 33/3 9.0% 
Oberg et al. (1971) Autopsy study on a Swedish population 102/22 21.6% 
Widmalm et al. (1994) Autopsy study on a American population 248/197 79.4% 
In the fossae, degenerative changes were most frequently encountered on the posterior 
slope of the articular eminence, while the anterior postglenoid tubercle slope was affected the 
least. This is again consistent with the findings of Richards and Brown (1981), who 
demonstrated from a sample of 202 prehistoric Aboriginal TMJ' s that the articular eminence 
was degenerated in 100 cases, while only four were degenerated in the postglenoid tubercle. 
This finding also correlates to an increased area of articular cartilage thickening on the 
posterior-inferior portion of the articular eminence (Bell, 1960; Hansson et al., 1977; Johnson 
& Moore, 1997), which appears to be due to more severe biomechanical loading in this 
region. In fact, Osborn (1985, 1996) and Picq et al. (1987) postulate that the articular 
eminence assists with mastication by bearing the majority of forces exerted upon the temporal 
component of the TMJ, while Granados (1979), Hinton (1981), and Owen et al. (1992) 
contend that the articular eminence is less prominent in skulls with high levels of tooth 
attrition. This indicates that the TMJ's of these individuals would have been subjected to 
levels of biomechanical loading in excess of the normal physiological limits, resulting in the 
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present study of the posterior slope of the articular eminence being more frequently affected by 
degeneration than any other region of the fossa, appears to be due to more severe 
biomechanical loading in this region. 
The left fossa was more frequently affected by degeneration laterally than medially, 
particularly on the anterior slope of the articular eminence, while the right fossa was more 
affected by degeneration laterally only on the anterior slope of the articular eminence. The 
posterior slope of the articular eminence of the right fossa was more affected by pathological 
changes medially, while on the anterior slope of the postglenoid tubercle, no difference was 
observed between sides. The lateral localisation of degeneration apparent in the left fossae and 
the anterior articular eminence slope of the right fossae is consistent with both the lateral 
thinning of the articular disc found by Hansson et al. (1977) and the conclusions of Beek et al. 
(2000) where stress concentrations were found to occur predominately on the lateral aspect of 
the intermediate zone of the articular disc. Furthermore, both Hansson and Oberg (1977) and 
Oberg et al. (1971) have described a lateral localisation of TMJ pathological lesions from their 
autopsy studies on Swedish material, which again is in accordance with the results of this 
study. 
However, the unexpected finding of a medial predominance of TMJ degeneration in the 
posterior slope of the articular eminence in the right fossa and no difference between the 
medial and lateral halves of the anterior postglenoid tubercle slope of the same fossa, is not 
consistent with either the anatomical structure of the joint (Bell, 1960; Hansson et al., 1977; 
Johnson & Moore, 1997), or previous autopsy research by Hansson and Oberg (1977) and 
Oberg et al. (1971). This unexpected outcome may have resulted from some unknown factor 
that was present in the prehistoric Maori and Moriori. These two unexpected results also 
suggest that perhaps both the posterior slope of the articular eminence and the anterior 
postglenoid tubercle slope are not as commonly affected by pathological changes laterally as 
depicted in the literature. Supporting this notion, Richards and Brown (1981) detail that the 
anterior third of the fossa was noticeably more affected by pathological changes laterally, 
while the central and posterior regions of the fossa showed no noticeable difference in 
degeneration between the lateral and medial sections in accordance with the results obtained for 
the right fossa in the current study. Furthermore, a more recent autopsy study by Axelsson et 
al. (1987) on 84 TMJ's revealed that both the anterior and posterior portions of the fossae 
were more affected by degeneration laterally, while the central portion of the fossa was slightly 
more affected medially. This unanticipated result in the right fossae of the present sample 
therefore highlights the need for further research into the localisation of TMJ pathology in both 
osteological and autopsy based studies in order to establish if the TMJ is as frequently affected 







With regard to the localisation of pathological changes in the mandibular condyles, the 
prevalence of degeneration for all four articular surface areas was very similar between right 
and left sides. Overall there did not appear to be an observable difference in the prevalence of 
degeneration between the anterior and posterior regions, although the anterior condylar regions 
were slightly more affected. This is again consistent with the anatomical structure of the joint, 
where both Bell (1960) and Jagger et al. (1994) have described the mandibular condyle as 
having a thickening of articular cartilage over its antero-superior region, which corresponds to 
the increased area of cartilage thickening on the postero-inferior portion of the articular 
eminence to combat increased stress (as discussed above). Likewise, both Axelsson et al. 
(1987) and Richards and Brown (1981) revealed that the prevalence of degeneration in the 
anterior region of the condyle was also only slightly higher than the posterior region. These 
authors also found no noticeable difference in the prevalence of degeneration in the lateral and 
medial aspects of the condyle for all three condylar regions they studied, which is the case for 
the posterior condylar components in the present study. However, in the anterior 
components, the antero-medial region appeared to be more frequently degenerated than the 
antero-lateral region for both right and left sides. This latter result is contrary to the reports of 
previous authors like Hansson and Oberg (1977) and Oberg et al. (1971), where an increased 
prevalence of pathological lesions was found on the lateral third of the condylar head. This 
unusual occurrence in the current study again suggests that some unknown aetiological factor, 
possibly resulting in unusual biomechanical loading created this anomaly. 
To summarise, the posterior slope of the articular eminence and the anterior portion of 
the condylar head were the regions of the TMJ most affected by degeneration in the fossae and 
condyles, respectively. This is consistent with the anatomy and proposed functioning of the 
joint, and also previous autopsy and skeletal research. This appears to be due to more 
pronounced masticatory forces in these regions, which implies that any degeneration 
encountered in these regions in the sample are a consequence of biomechanical loading and 
thus, dietary type. 
Although the left fossae showed a lateral predominance of pathological changes, the 
unexpected localisation of degeneration recorded for the right fossa and both condyles do not 
support the hypothesis of this study, that the prevalence of TMJ pathology will be higher on 
the lateral aspect of the joint. This result is also not consistent with the anatomy of the joint or 
some previous autopsy research. However, previous skeletal research and an autopsy 
publication also failed to show a lateral predominance of TMJ degeneration in their samples. It 
is suggested that this unexpected outcome may have resulted from some unknown aetiological 




5.3 TMJ PATHOLOGY IN RELATION TO SEX, AGE, AND PROVENANCE 
In all four joint components except the left condyle, males had a significantly higher 
frequency of degeneration than females. In the case of the left condyle, the frequency of 
degeneration was the same in both sexes. However, the total prevalence of degeneration in 
males was noticeably higher than that of the females. This finding corresponds to the skeletal 
research of Richards and Brown (1981), Richards (1988), and Webb (1995) where almost all 
of the Australian Aborigine populations studied showed a higher prevalence of TMJ pathology 
in males than females, although their results were not statistically significant. No suggestions 
are offered as to why the male individuals were more frequently affected. Only the Kaurna 
Aboriginal sample examined by Richards (1988), and the Central Murray and South Coast 
Aboriginal collections examined by Webb (1995) did not show any noticeable differences in 
the prevalence of TMJ degeneration between the sexes. Again however, no possible 
explanations for this occurrence are offered by these authors. The only publication that has 
found a significantly higher prevalence of TMJ degeneration in males than females was the 
paleoanthropological paper by Visser (1994b) on 32 Fijian remains. He attributed this result 
to the male specific activity of chewing the roots of the plant Piper methysticum to make kava, 
resulting in increased biomechanical loading of the TMJ and consequently its degeneration. 
The severity of TMJ degeneration was higher in all four joint compartments in the males 
than the females in the current study, but this was only statistically significant for the left 
condyle. This corresponds with the results obtained from an examination of the Narrinyeri 
Aboriginal collection by Richards (1988), and also the results of Visser (1994b) on prehistoric 
Fijians. However, in the clinical situation TMJ pathological changes are more common in 
females than males (Zarb and Carlsson, 2000). This has also been found in some skeletal 
(Merbs, 1983; Sheridan et al., 1991) and autopsy (Oberg et al., 1971) publications. In fact, 
the support in the literature for females being more affected by TMJ degeneration than males, 
lead to the hypothesis in the current study that females would be more affected by TMJ 
pathological changes than males, which was rejected. Therefore, it appears that both the 
prehistoric Polynesian skeletal sample examined here and specific Australian Aborigine 
remains examined by previous authors, exhibited a higher prevalence and possibly a higher 
severity of TMJ degeneration in males than females. However, these results do support the 
notion prevalent in the literature that there is a sex difference in the occurrence of TDJD. It is 
suggested that this result is most likely due to differences in biomechanical loading between 
the sexes. This may result from dietary differences or possibly from morphological variation 




With regard to age, it was hypothesised in this study that the prevalence and severity of 
TMJ pathology would increase with age. However, only the prevalence of TDID in the right 
condyle was found to have a significant association with age, although the prevalence of 
degeneration in both the right fossa and left condyle in relation to age, also suggests that an 
association may exist. Furthermore, the severity of TMJ degeneration was not found to have a 
significant association with age. These results are surprising as a number of authors from 
both clinical and paleoanthropological disciplines believe that age is involved in the 
pathogenesis of TMJ degeneration (section 2.5.1.7), and other synovial joints (Resnick and 
Niwayama, 1995a). Paleopathological research by Richards and Brown (1981) and Sheridan 
et al. (1991), on prehistoric and historic skeletal remains respectively, also failed to find a 
significant association between age and the prevalence of TDID, although Sheridan et al. 
(1991) acknowledges that there was an observable relationship between the two. However, 
the lack of a relationship between age and the prevalence and severity of TMJ pathology in this 
study may be because the ageing of individuals from purely cranial remains is subject to 
experimental error (as discussed in section 1.5). While age is a predisposing factor in DID, it 
does not always explain the distribution of DID within samples, as both the severity and 
prevalence of DID have occasionally been shown to be higher in young adults than old adults 
(Jurmain, 1977). In other words, although it can make degeneration more likely, age is not 
necessarily the cause of the condition. It therefore appears that the"results obtained for age in 
relation to TMJ pathology in this study are another example of one of the rare occasions where 
a relationship between age and TMJ degeneration did not comprehensively occur. 
A significant difference in the prevalence and severity of TMJ degeneration between 
subsamples from different ecological provenances was not found to exist. However, the 
prevalence of TMJ degeneration was noticeably higher in individuals from more coastal 
regions than individuals from inland regions. The reason why a significant association was 
not found appears to be due to the large disparity in sample size between the coastal and inland 
regions. In order to accurately determine if a relationship between ecological provenance and 
the prevalence and severity of TMJ pathology in the prehistoric Polynesians, a larger sample 
size is needed. Furthermore, the result obtained could also be limited by the fact that it is 
impossible to know whether each individual studied really belongs to the assigned 
provenance, as some individuals may not have lived where they died. 
Like ecological provenance, a statistically significant association between individuals 
from different geographical provenances and both the prevalence and severity of TMJ 
pathological changes was not found. This result was not expected as it was hypothesised in 
this study that the prevalence and severity of pathological changes may vary with provenance, 
as it is generally accepted that geographically separated populations can have different cultural 
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influences, occupy different environments, and have different food resources. For example, 
Richards (1988) concluded that two neighbouring but geographically isolated historic 
Australian Aborigine tribes had different tooth attrition patterns and prevalences of TMJ 
degeneration. Therefore, variables that may have altered both the prevalence and severity of 
TMJ degeneration between individuals from different geographical provenances, particularly 
dietary or nutritional differences, must have been either very similar between the subsamples, 
or they did occur, but they had no affect on the occurrence of such changes. However, it is 
likely that individuals from different geographical provenances, particularly the North and 
South Island Maori, did interact with each other. In the course of this contact it is probable 
that foods from different regions were traded. Furthermore, as highlighted in the preceding 
paragraph, this study may be limited by its small sample size and the fact that some of the 
individuals studied may have been from another geographical provenance than where they 
were discovered as discussed in section 1.5. 
It must be noted that although a statistically significant association between geographical 
provenance and the prevalence and severity of TMJ pathology was not evident, all ten 
Chatham Island individuals displayed degeneration in at least one joint component, while the 
Maori individuals had lower but similar prevalences of degeneration. As the Chatham Island 
Moriori are a predominately coastal dwelling population, a 100% prevalence of TDJD supports 
the notion highlighted previously, that individuals from coastal regions appear to be more 
frequently affected by TMJ degeneration than those from inland regions. This is most likely 
due to dietary differences as discussed previously. Furthermore, the highest mean severity of 
TMJ pathological changes was found in the North Island individuals, while the lowest mean 
severity of degeneration was found in the Chatham Islanders, the reverse of that found with 
prevalence. Therefore, it does appear that the Chatham Island individuals had a higher 
prevalence, but a lower mean severity of TMJ degeneration than both Maori subsamples, but a 
larger sample size is needed before this relationship can be clarified. 
Interestingly, if the overall prevalence of all three known subsamples is calculated 
without the inclusion of the twelve individuals of unknown geographical provenance, a total 
prevalence of 80.5% is obtained. This result is 5% higher than that calculated for the total 
prevalence of the whole sample of 89 individuals, which indicates that the individuals of 
unknown provenance had a much lower prevalence of degeneration than those of known 
provenance. This suggests that some of these individuals of unknown provenance may not 
even be prehistoric Maori or Moriori, but Polynesians from other Islands that have been 
inappropriately catalogued. 
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To conclude, only sex showed a significant association with the occurrence of TMJ 
pathology, with the males being more frequently and severely affected than the females. This 
is most likely due to differences between the sexes in dietary type and thus biomechanical 
loading. A significant association was not found between age and the occurrence of TDJD, 
although it appears that this result may be in part due to difficulties encountered in estimating 
age from purely cranial material. The reason why a significant association between 
provenance and the occurrence of TMJ degeneration was not found may be due to the small 
sample size and possible intermixing of people from different provenances. 
5.4 DENTAL CONDITIONS 
The relationship between the selected dental conditions examined and TMJ degeneration 
was the primary focus of this study, as the dentition has been revealed by a number of authors 
to have a direct affect on the TMJ and its consequent degeneration (section 2.5.1.1). 
However, in order to examine the relationship of each dental condition to TMJ degeneration, 
one must first take into account the various variables that may impact upon the dentition. 
These include sex, age, geographical provenance, and diet (section 2.5.1). 
Over half of the sample had tooth loss in at least one dental region, with the posterior 
regions of the dental arch being noticeably more affected than the anterior region. The high 
prevalence of tooth loss in the current study is consistent with the findings of Houghton 
(1978) on the prehistoric Maori, who states as documented in section 1.3, that tooth loss 
occurs at an early age in the prehistoric Maori and that any individual surviving to around 40 
years of age would have been edentulous. In the current study a significant association was 
found between age and the prevalence of tooth loss, but this was only significant for the 
posterior regions of the dental arch and the total sample. No significant associations were 
found between geographical provenance and TMJ degeneration, or between the occurrence of 
degeneration between the sexes, although males did appear to have a noticeably higher 
prevalence of tooth loss in all three dental regions and overall than the females. These findings 
are consistent with those of both Hodges (1991) on five prehistoric and historic British 
skeletal populations and Visser (1994a) on 63 prehistoric Fijians, who concluded that the 
prevalence of tooth loss increased with age and that females were more affected by tooth loss 
than males. 
Despite the high prevalence of tooth loss, the mean number .of teeth lost was low. The 
mean number of teeth lost was also not related to sex, age, or geographical provenance. This 
result is not consistent with those obtained by Visser (1994a), where the number of teeth lost 
antemortem was found to increase with age, and where females had a higher number of teeth 
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lost than males. The fact that age was unrelated to the number of teeth lost in the current study 
indicates that tooth loss in this prehistoric Polynesian sample must be purely a consequence of 
diet. As both sexes had similar proportions of teeth lost it would also seem that the type of 
diet consumed between the sexes was similar. 
The level of tooth attrition for the total sample was high. This is consistent with the 
results of Evans (1987), Olsen (1981), and Stokes and Fitzharris (1991), all of whom 
examined skeletal collections of prehistoric Maori and Moriori, concluding that the level of 
dental attrition in these individuals was high. The highest mean level of dental attrition was 
located in the anterior region of the present sample, although this was not found to be 
statistically significant when compared to the level of tooth attrition in the posterior regions of 
the dental arch. Visser (1994a) also found a greater proportion of tooth attrition in the anterior 
dentition than the posterior dentition, which he attributed to a soft, gritty carbohydrate rich diet 
that required only little chewing. Therefore, the result found here of the anterior dental region 
being slightly more worn than the posterior regions is not what one would expect, as it is well 
known that the prehistoric Maori and Moriori diet, although gritty, was low in carbohydrates, 
but was extremely tough and fibrous, requiring extensive mastication (section 1.2). However, 
as the total sample exhibited a high prevalence of tooth loss in the posterior dentition or molar 
teeth, it appears that the loss of these teeth, which should normally have had high attrition level 
values, may have contributed to the lower posterior dental attrition level score than expected. 
Furthermore, it is feasible to assume that the loss of teeth from the posterior dentition may 
have been due to such rapid attrition that the loss of teeth from this region occurred early in 
life, which would in turn explain the high prevalence of tooth loss in the posterior dental 
regions. This would accelerate the amount of dental attrition sustained to the anterior teeth, as 
individuals without posterior teeth would use their anterior teeth more frequently. 
Interestingly, the level of attrition between the left and right posterior dental regions was 
similar, which indicated that there was no lateral mastication preference in this sample. Like 
the results obtained for tooth loss, males had a higher mean level of tooth attrition than the 
females, although this was not statistically significant in any dental region. This result gives 
further emphasis to the two previous notions that the loss of teeth is related to the high level of 
tooth attrition, which in turn appears to be a consequence of dietary type. Therefore, it 
appears that the type of diet consumed between the sexes was different, with males appearing 
to have a more gritty and fibrous diet than the females. This result also suggests that 
differences in TMJ degeneration between the sexes is probably caused by differences in 
biomechanical loading as a result of dietary differences rather than morphological variation as a 
result of sexual dimorphism (section 5.3). The result of males having a higher level of dental 




differences in the pattern and level of dental attrition in some of the prehistoric Maori 
populations examined, but which sex had higher levels of tooth attrition is not presented in this 
paper. Likewise, Visser (1994a) demonstrated that females had a higher prevalence of 
excessive tooth wear than the males. 
An examination of the level of dental attrition between the geographical provenances in 
this current study revealed that the Chatham Islanders had a slightly higher level of dental 
attrition than the two Maori subsamples, although this difference was not found to be 
significant. This result implies that variables like cultural and dietary differences that may have 
altered the level of dental attrition between provenances must have been very similar, as these 
variables have been shown by many authors including Molnar (1971, 1972) and Taylor 
(1963, 1970) to alter tooth attrition levels. Therefore, this result suggests that the failure to 
find a relationship between geographical provenance and TMJ degeneration appears to be more 
likely due to the fact that dietary and cultural differences were similar between provenances, 
rather than these variables having no affect on the occurrence of TMJ degeneration as 
suggested in section 5.3. 
Evidence of inflammation or infection of the alveolar bone, which was recorded in the 
form of periapical cavities, were found in 40% of the sample. This suggests that the high level 
of tooth attrition in this sample was responsible for their occurrence as inflammation or 
infection of the alveolar bone results primarily from exposure of the dental pulp due to 
advanced dental attrition and its subsequent infection (Visser, 1994a). This prevalence is 
slightly higher than the 33% reported by Visser (1994a). The posterior regions of the 
dentition were slightly more affected than the anterior region. This again suggests that diet and 
thus the high level of tooth attrition resulted in the occurrence of these conditions. This result 
also gives further support to the previous notion that the reason why the anterior dentition had 
a slightly higher level of dental attrition than the posterior regions is due to such rapid tooth 
attrition in the posterior dentition that teeth were frequently lost. 
In the current study the prevalence of inflammatory or infective changes in the left 
posterior region of the dental arch was found to be more frequent in females than males. This 
result indicates that the level of tooth attrition was higher on the left hand side of the dental 
arch than the right in females. However, this was not the case as the level of tooth attrition in 
the females was symmetrical between sides. This highlights a possible flaw in the method 
used to record attrition rate, as this method did not record the exposure of the pulp cavity or 
pulp horns adequately. The prevalence of inflammation or infection of the alveolar bone was 
also significantly related to age in all three dental regions, with old aged adults being more 
frequently affected. This is what one would expect, as increasing age leads to increasing 
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dental attrition, and therefore an increase in inflammatory or infective changes. However, no 
significant association was observed between the prevalence of inflammation or infection of 
the alveolar bone and geographical provenance, suggesting that the dietary type and the level 
of dental attrition was similar between individuals of different geographical provenances, 
which was the case (as discussed previously). Visser (1994a) also found no correlation 
between the prevalence of inflammation or infection of the alveolar bone and age, but his 
results do reveal that females were more frequently affected by inflammatory or infective 
changes than males. 
The mean number of inflammatory or infective changes in the sample was low, or 
slight. In other words, although the prevalence of inflammatory or infective changes was 
high, individuals with these changes did not have many teeth affected by them. Interestingly, 
the number of inflammatory or infective changes present was not related to either age or 
geographical provenance, but a significant association was apparent between these conditions 
in the left posterior dental region and sex, with males having a greater mean number than 
females. Visser (1994a), in accordance with the results of this thesis, did not find a 
significant difference between the number of inflammatory or infective changes present and 
age, but he did find that females had a higher number of these changes than males. Therefore, 
although Visser (1994a) demonstrated that females were more severely affected by 
inflammation or infection of the alveolar bone than males, his result does support the results of 
this thesis, that sex has a relationship to the number of inflammatory or infective changes 
present. 
To conclude, a high proportion of individuals had very worn teeth, with consequent 
infection and tooth loss, but the number of teeth affected by these latter conditions in each 
individual was low. This result appeared to be due to the tough, fibrous diet of these 
individuals. In general, males showed a higher prevalence and severity of these dental 
conditions, which suggests that differences in dietary type or cultural practices may have 
occurred between the sexes. 
Now that the relationship of the various variables that can impact upon the dental 
conditions examined has been addressed, one can examine the relationship between the dental 
c·onditions and TMJ degeneration. These relationships were analysed with the use of 
univariate statistics. Therefore, each dental condition was compared individually against TMJ 
degeneration, although it is acknowledged that these are not independent variables. However, 
at the conclusion of this section, all of these individual variables are combined and compared 
to TMJ degeneration as an entity of multifactorial aetiology. To begin, an analysis of the 




It was hypothesised in this study that the occurrence of tooth loss would result in an 
increased prevalence of TDJD on the ipsilateral TMJ to the side of involvement. In other 
words, the loss of teeth from the left posterior region of the dental arch should have a positive 
correlation to the prevalence of degeneration in the left TMJ components. The results show 
that the only significant association recorded was between the occurrence of tooth loss in the 
left posterior dental region and the prevalence of degeneration in the right condyle. Hence, the 
hypothesis was not supported by the results of this thesis. This result implies that the loss of 
teeth on one side and consequential occlusial disruption must have some affect on the 
balancing side TMJ. However, the occurrence of tooth loss in the right posterior dental region 
and the prevalence of degeneration in both the right condyle and fossa was almost significant, 
which does support the hypothesis. Yet, in order for the proposed theory to be substantiated 
there should be a similar association between the occurrence of tooth loss in the left posterior 
dental region and the prevalence of degeneration in the left TMJ components, but such a 
relationship did not exist. The number of teeth lost in all three dental regions also failed to 
show a significant correlation to the severity of degeneration in all four joint components. 
Therefore, although the occurrence of tooth loss in the posterior dental regions may have a 
relationship with the prevalence of degeneration in the right TMJ components, no obvious 
association was found between the prevalence and severity of degeneration in the ipsilateral 
TMJ to the side of involvement, which rejects the hypothesis. 
This is consistent with the findings of both Hodges (1991) and Visser (1994a,b) on 
prehistoric and historic skeletal material and Widmalm et al. (1994) from an autopsy study on 
an American population, all of whom did not find a significant association between tooth loss 
and TMJ pathology. These results, in association with the results of the present study, 
conflict with the majority of literature, where tooth loss is believed to be an aetiological factor 
in the occurrence of TMJ pathology (section 2.5.1.1). Therefore, although a tentative 
association between tooth loss and TDJD was found in this study, the results suggest that 
tooth loss is not a primary factor in the aetiology of TMJ degeneration in this sample. This 
highlights the need for further research both clinically and skeletally on the relationship of 
tooth loss to TDJD in order to clarify the exact involvement of tooth loss in the occurrence of 
TDJD. 
Like tooth loss, it was hypothesised that the prevalence of inflammation or infection of 
the alveolar bone would result in an increased prevalence of TDJD on the ipsilateral TMJ to the 
side of involvement. In support of this hypothesis, a significant association was found 
between the prevalence of inflammatory or infective changes in the right posterior region of the 
dental arch and the prevalence of degeneration in the right condyle. However, a significant 
association was also found between the prevalence of inflammatory or infective changes in the 
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left posterior dental region and the prevalence of degeneration in the right fossa, which rejects 
the hypothesis. No other significant associations were found between either the prevalence of 
inflammatory changes in a dental region and the prevalence of degeneration in a joint 
component, or even between the mean number of inflammatory changes present and the 
severity of degeneration in each joint component. Therefore, although the occurrence of 
inflammation or infection of the alveolar bone in the posterior dental regions may have a 
relationship with the prevalence of degeneration in the right TMJ components, no obvious 
association was found between the prevalence and severity of degeneration in the ipsilateral 
TMJ to the side of involvement, which again rejects the hypothesis. However, this result may 
be due to the majority of inflammatory or infective changes recorded being granulomata which 
are asymptomatic (Dias and Tayles, 1997), and therefore would not have any affect on the 
masticatory function of the individuals affected by these specific cavities. 
This is consistent with the findings of Sheridan et al. (1991) on a sample of 122 historic 
adult Nubian crania, which appears to be the only previous publication that has also examined 
the relationship between the occurrence of inflammatory or infective changes in the form of 
periapical cavities and TMJ degeneration. In this paleopathological paper, Sheridan et al. 
(1991) found that individuals with TMJ degenerative changes had fewer abscesses than those 
individuals without TMJ degeneration. However, as discussed in section 2.5.1.1, this result 
was not surprising to these researchers, as they believe that one should expect a delay between 
mastication disruption and resultant TMJ pathology. Therefore, the results obtained by 
Sheridan et al. (1991), in accordance with the results of this study, reveal that the presence of 
inflammation or infection of the alveolar bone does not appear to be associated with the 
occurrence of TMJ degeneration. Again however, like the results obtained in the present 
study, this result by Sheridan et al. (1991) may be due to a large number of the 'abscesses' 
recorded by these authors actually being asymptomatic granulomata, which would alter the 
results obtained. Therefore, before a relationship between the occurrence of inflammation or 
infection of the alveolar bone and TMJ degeneration can be reliably ascertained, further 
research needs to be conducted on the relationship of non-asymptomatic evidence of 
inflammation or infection of the alveolar bone, particularly abscesses, to TMJ pathology. 
It was hypothesised that the presence of chronic dental caries would result in an 
increased prevalence of TMJ degeneration on the ipsilateral TMJ to the side of involvement. 
However, the occurrence of caries was not related to the prevalence or severity of TDJD, 
which rejects the hypothesis. This is again consistent with the findings of Sheridan et al . 
(1991), who found that individuals with TMJ degeneration had fewer caries than those 




this thesis suggest that dental caries may not be related to the occurrence of TMJ pathology in 
this sample, although a larger sample size is needed before the relationship can be clarified. 
Finally, it was hypothesised that excessive unilateral tooth attrition would result in an 
increased prevalence of degenerative changes on the contralateral TMJ. Supporting this 
hypothesis, a statistically significant association was found between the level of dental attrition 
in the left posterior dental region and the prevalence of degeneration in the right condyle. 
However, significant associations were also found between the level of dental attrition in the 
right posterior dental region and the prevalence of degeneration in the right condyle, and also 
between the level in the left posterior dental region and the prevalence of degeneration in the 
left fossa, which rejects the hypothesis. These latter results indicate that occlusal derangement 
due to extreme tooth attrition may also have a degenerative influence on the working side joint. 
No other significant associations were found between the level of dental attrition and the 
prevalence and severity of degeneration in a joint component. Therefore, although the level of 
dental attrition may have a relationship with the prevalence of TMJ pathology, no association 
was found between the prevalence and severity of degeneration in the contralateral TMJ to the 
side of involvement, which rejects the hypothesis. 
These findings are consistent with those reported by Eversole et al. (1985), Sheridan et 
al. (1991), Visser (1994a,b), and Whittaker et al. (1985) on prehistoric and historic remains, 
where a primary relationship between the level of tooth attrition and TMJ pathology was not 
found. These results, like those obtained in this thesis, do not support the notion prevalent in 
the literature that tooth attrition is an aetiological factor of TMJ degeneration, particularly in the 
contralateral fossa. 
The presence of fem root planes, which are essentially a form of localised severe tooth 
attrition, were also compared to the occurrence of TMJ degeneration. Twelve individuals 
showed evidence of fem root planes in their dentition, although the severity of these dental 
conditions was slight. In almost all cases the first mandibular molar was affected, with some 
individuals also displaying fern root planes in the first premolar, and first and second 
maxillary and/or mandibular molar teeth. Both the occurrence of these planes and the number 
of teeth affected by the condition failed to show a relationship with TMJ pathology, in 
accordance with the results for generalised tooth attrition discussed above. Therefore, this 
study demonstrates that the level of tooth attrition does not appear to facilitate degenerative 
changes in the TMJ's of the prehistoric Polynesians examined, which again highlights the 
need for further research in all scientific disciplines into the relationship between dental 
variables and TMJ pathology. 
To conclude, no primary relationship was found between the dental conditions 
examined and the occurrence of TMJ degeneration in the prehistoric Maori and Moriori. This 
suggests that the high prevalence of TDJD in the sample may be purely caused by excessive 
biomechanical loading, possibly resulting from the demands of the diet or as a consequence of 
the Polynesian morphology. 
5.5 CONGENITAL OR DEVELOPMENTAL ABNORMALITIES 
Evidence of bifid condyle was found in four individuals. The occurrence of bifid 
condyle showed no relationship to sex, age, geographical provenance, or even to the 
prevalence and severity of TMJ pathology. The failure of this study to find an association 
between the occurrence of this non-pathological congenital anomaly and age was expected, as 
congenital conditions occur at birth and therefore are not influenced by the age of the 
individual. Furthermore, as congenital conditions occur purely by chance and are rare, one 
would expect to find no differences in the occurrence of bifid condyle between sexes or 
geographical provenances, unless an unknown environmental factor specific to a particular 
provenance was responsible for the occurrence of the anomaly. However, as there was no 
relationship between the occurrence of bifid condyle and geographical provenance, it can be 
concluded that either environmental factors did not predispose an individual to the condition, 
or that there were no differences in environmental factors that may have caused the condition 
between the geographical provenances studied. In regard to the occurrence of bifid condyle 
not showing a relationship to the prevalence or severity of TMJ degeneration, one can 
conclude that this congenital condition had no effect on the mechanical functioning of the joint. 
Apart from bifid condyle, other congenital or developmental abnormalities of the jaws 
and teeth occurred. Supernumerary teeth were found in two individuals and four individuals 
showed either rotated, missing, or misplaced teeth in their dental arches. In all cases, the 
occurrence of these dental abnormalities were not related to either the prevalence or severity of 
TMJ pathology. These findings therefore further support the notion prevalent in this study 
that dental factors did not appear to facilitate TMJ degeneration in the prehistoric Polynesian 
sample examined. 
5.6 CONDYLAR ENTHESOPHYTES 
Over half of the sample exhibited at least one condylar enthesophyte. The presence of 
these enthesophytes did not appear to be related to sex, age, or provenance. This is to be 
expected as condylar enthesophytes represent ossification of the tendon of the lateral pterygoid 
that attaches to the neck of the condyle (section 3.5), and are thus independent of sex, age, and 
provenance. A significant association was not found between the prevalence of enthesophytes 
and the prevalence of TMJ pathology, but a significant association was found between the type 
of enthesophytes on the right condyle with the severity of degeneration in the right fossa. In 
this case it was the presence of a lateral enthesophyte that appeared to be significantly 
associated with the severity of degeneration in the right fossa. However, as no other 
significant associations were found between the type of enthesophyte present and the severity 
of TDJD, it appears that the presence of condylar enthesophytes are not related to the 
prevalence or severity of TMJ pathology in this sample. 
5.7 FOSSA GROOVING 
The results demonstrate that 36% of the sample had grooving in at least one fossae, but 
the mean severity of this grooving was low. All grooving encountered was localised upon the 
articular eminence only. The prevalence of grooving was higher in the left fossa than the 
right, while the severity of this grooving was symmetrical between sides. A review of the 
literature revealed that only two publications have reported the occurrence of grooving in the 
fossae. The first, was the paleoanthropological publication by Webb (1995) on prehistoric 
Australian Aboriginal populations where fossa grooving was utilised in the diagnosis of major 
degeneration of the joint surface. The second was the autopsy publication by Oberg et al. 
(1971), where approximately one third of the 25 Swedish cadavers examined showed a clear 
groove along the media-anterior outline of the articular eminence. The prevalence of fossa 
grooving in this latter publication is very similar to the 36% recorded in the present sample. 
Although, the two publications by Webb (1995) and Oberg et al. (1971) acknowledge that 
fossa grooving occurs, neither of these authors attempt to address the possible aetiology of 
these grooves or their relationship to the sex and age of the individuals affected. 
No significant associations were found between sex and the occurrence of fossa 
grooving. As males appear to have a different dietary type females in this sample (section 
5.4), it is proposed that the occurrence of this grooving is not in response to differences in 
dietary type, biomechanical loading, or morphological variation due to sexual dimorphism. 
With regard to age, the results demonstrate that age did not appear to be aetiological 
factor in the occurrence of fossa grooving, as young adults had a similar prevalence and 
severity of grooving as the old adults. Therefore, it is proposed that the occurrence of this 
grooving may have either a hereditary component, or result from a specific morphological 




A significant association between the prevalence of fossa grooving and ecological 
provenance did not exist, but a significant association was found between the severity of fossa 
grooving and ecological provenance, with individuals from inland regions being more severely 
affected by grooving in the left fossa than individuals from more coastal regions. However, 
as there are large variations in sample size between the coastal and inland individuals, the 
validity of the statistical results obtained are compromised. Therefore, it appears from the 
results of this study that ecological provenance may have a relationship to the severity of fossa 
grooving, but due to the large variations in sample size, further research is needed to establish 
whether a relationship between the prevalence and severity of fossa grooving with ecological 
provenance really occurs . 
No significant associations were found between geographical provenance and the 
prevalence and severity of fossa grooving, although the Chatham Island individuals did exhibit 
a higher prevalence of grooving in the right fossa and overall than the North and South Island 
individuals that was close to significant with regard to the right fossa. Therefore, the results 
of this study suggest that individuals from different geographical provenances have different 
prevalences but not severities of fossa grooving, which suggests that genetic, morphological, 
or cultural differences between these provenances may alter the occurrence of fossa grooving . 
However, a larger sample size and subsequent research need to be conducted before such a 
relationship can be reliably ascertained. 
In regard to the relationship between the selected dental conditions and condylar 
enthesophytes to the occurrence of fossa grooving, no significant associations were found. 
This suggests that tooth loss, inflammation or infection of the alveolar bone, the level of tooth 
attrition, and condylar enthesophytes are not involved in the formation of fossa grooving. 
This further supports the notion highlighted previously, that dietary type did not appear to be 
involved in fossa grooving. Furthermore, as the prehistoric Maori and Moriori did not appear 
to have differences in cultural practices between the sexes that may have altered either the 
dentition or TMJ degeneration (chapter 1), it can be concluded that specific cultural factors are 
also not responsible for the condition. Therefore, it appears that fossa grooving may have 
either a hereditary component, or result from a specific morphological variation that is present 
in the prehistoric Maori and Moriori. However, further research with larger samples is 





Most research on the TMJ has focused on the pathologies that affect the joint and their 
proposed aetiologies. The majority of this research has been conducted on populations from 
Australia, Europe, and North America. Little research into other populations like the 
prehistoric New Zealand Maori and Moriori has been conducted. Therefore, this study was 
developed in order to determine the type and pattern of any TMJ pathologies in the prehistoric 
Maori and Moriori and to investigate their possible aetiologies. 
To address the aim of this study a number of hypotheses were tested. The first was that 
the prehistoric Maori and Moriori would show a higher prevalence of TMJ degeneration than 
other populations due to the high level of tooth attrition and tooth loss that has previously been 
reported in the prehistoric New Zealanders. It was revealed that the prehistoric Maori and 
Moriori did have a very high prevalence of TDJD. This was in fact noticeably higher than 
previous osteological studies had reported for other populations, supporting the hypothesis. 
However, despite the high prevalence of TDJD, the mean severity of the degeneration was 
low. Regarding the pattern of TDJD in the TMJ components, statistical analyses revealed that 
the right fossa was more frequently degenerated than the left, while the reverse was seen 
between the condyles. This result was unexpected and did not appear to be a consequence of 
experimental error. It is postulated that this result may have been due to one of the joint 
components being subjected to more severe degrees of biomechanical loading than the other. 
Interestingly, the fossae were more frequently affected by TDJD than the condyles, but the 
condyles when affected deteriorated more rapidly. This study suggests that this may be due to 
the regenerative capacity of the condylar articular cartilage. The posterior slope of the articular 
eminence of the fossae was the most affected region, while the anterior portion of the condylar 
head was slightly more frequently degenerated than the posterior portion. This finding 
corresponds with both the anatomy of the joint and previous autopsy and skeletal research, 
suggesting that such changes are due to more severe masticatory forces in these regions. This 
implies that any degenerative changes encountered in these regions in this sample are a 
consequence of biomechanical loading and thus, dietary type. 
The second hypothesis of this study was that either the unilateral loss of teeth 
antemortem, the occurrence of inflammation or infection of the alveolar bone, or the 
occurrence of chronic dental caries would create an increase in tooth attrition on the unaffected 
side and thus an increase in TMJ degenerative changes on the ipsilateral TMJ to the region of 
the dental arch affected. It was concluded that a high proportion of these individuals had very 
worn teeth, with consequent infection and tooth loss, but the number of teeth affected by these 
latter conditions in each individual was low. This result appeared to be due to the tough, 





fibrous diet of these individuals. However, despite the high prevalence of these dental 
conditions in the sample, no primary relationship existed between these dental conditions and 
TMJ degeneration, which rejects the hypothesis. Furthermore, no relationship was seen 
between the presence of fern root planes or chronic dental caries and TMJ degeneration, which 
again rejects this hypothesis. This suggests that the high prevalence of TDJD in the sample 
may be purely caused by excessive biomechanical loading possibly resulting from the diet or 
as a consequence of the Polynesian morphology. 
It was also hypothesised that a lateral localisation of TMJ degeneration would occur. 
However, this hypothesis was again rejected as only the left fossa showed such a pattern of 
degeneration. This result contradicts the soft tissue anatomy of the joint and previous autopsy 
reports. It is suggested that perhaps the TMJ is not as commonly affected by degeneration 
laterally as reported in the literature, or that this unexpected outcome may have resulted from 
some unknown aetiological factor that was present in the prehistoric Polynesian populations. 
As many researchers have reported a higher prevalence of TMJ degeneration in females 
than males, it was hypothesised that females would have a higher prevalence and severity of 
TMJ degeneration than males in this sample. However, the TMJ's of males were found to be 
more frequently and severely affected than those of females which rejects the hypothesis. As 
the level of tooth attrition and the severity of inflammation or infection of the alveolar bone 
was also higher in males, it is proposed that the differences in degeneration between sexes in 
this sample are most likely due to differences in dietary type or biomechanical loading. 
Furthermore, as age has been proposed by many authors to be an aetiological factor in TMJ 
degeneration, it was hypothesised that the occurrence of TMJ pathology would increase with 
age. However, a significant association between age and TMJ degeneration did not occur in 
this sample. It appears that this unexpected result may have been due to difficulties in ageing 
individuals from purely cranial remains. 
Finally it was hypothesised that the prevalence and severity of TMJ degeneration may 
vary with provenance, as geographically separated populations can have different cultural 
practices, different food resources, occupy different environments, and possibly have different 
gene pools which could all affect the occurrence of TMJ degeneration. It was revealed that 
provenance was also not significantly associated with TMJ degeneration, rejecting this 
hypothesis. However, this result may have been due to the small sample size and the possible 
intermixing of people from different provenances. 
Interestingly, this study revealed that over one third of the sample had grooving in at 
least one fossae which was always located on the articular eminence. It appears that this 
r 
anomaly has only been reported in two previous publications, but no attempt has been made to 
address the possible aetiology of these grooves. An analysis of the prevalence and mean 
severity of these grooves in the sample revealed that the left fossa was more frequently 
affected by them than the right, while the mean severity of grooving was symmetrical between 
fossae. Statistical tests revealed that both the prevalence and severity of fossa grooving was 
not significantly associated with any of the variables tested, that is; sex, age, geographical 
provenance, skeletal dental conditions, and the presence of condylar enthesophytes. From 
this, it is proposed that fossa grooving may have either a hereditary component, or result from 
a specific morphological variation that is present in the prehistoric Maori and Moriori. 
Therefore, this study demonstrates that the only variable tested which has a significant 
association with the high occurrence of TDJD in this sample, was sex, with males being more 
affected than females. It appears that this is the result of dietary differences between the sexes, 
resulting in more severe biomechanical loading in males than females. The dentition itself had 
no primary affect on the TMJ, which further supports the notion that the TMJ degenerative 
changes encountered were caused by excessive biomechanical loading as a consequence of 
dietary type. It is also possible that differences in skeletal morphology between individuals 
may have also contributed to the differences in biomechanical loading, particularly between the 
sexes. Males were very robust with strong masticatory muscles, which may have increased 
the amount of biomechanical loading on the joint. 
5.9 FURTHERRESEARCH 
As it appears that some of the results were not statistically significant due to the small 
sample size, further research is required with a larger sample. This would provide more data 
with which one could compare possible aetiologies to the occurrence of TMJ pathology, as 
well as creating more viable statistical analyses. As highlighted in this study, the aetiology of 
TDJD is multifactorial, with no sole aetiological factor being responsible for its occurrence. 
Therefore, more research is needed on how the various proposed aetiologies may act together 
in a complex feedback relationship resulting in TMJ degeneration. In order to address this, 
more research using multivariate statistics needs to be conducted rather than the univariate 
statistics used in this study. 
An important issue raised by this study is that the various proposed aetiologies of TDJD 
and other pathological changes are not unanimously supported in the literature, particularly in 
the autopsy and paleopathological disciplines. Apart from the difficulties with determining the 
aetiologies of TMJ degeneration due to the probable interaction between the proposed 













both within and between the different scientific disciplines for recording the presence and 
severity of pathological changes. Therefore, before researchers are likely to unanimously 
agree on the aetiology of TMJ degeneration, methods for recording and rating the occurrence 
of pathological changes must be standardised in all disciplines. Furthermore, as the 
pathologies recorded may have a relationship to the skeletal morphology of the sample which 
was not tested in this study, it is suggested that further research into the relationship of the 
Polynesian skeletal morphology to TDJD be conducted. Finally, as this thesis appears to be 
the first study to address the aetiology of fossa grooving prevalent in this sample, further 
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APPENDIX 1: BURIAL CENSUS 
Catalogue Race Provenance 
number 
B31 Maori Lyall Bay, Wellington 
B35 Maori Taiaroa Head, Otago 
B62 Moriori Chatham Islands 
B63 Moriori Chatham Islands 
B65 Maori Andersons Bay, Otago 
B68 Maori Waitati, Otago 
B72 Maori Waikouaiti, Otago 
B90 Maori Poverty Bay 
B91 Maori Purakanui, Otago 
B92 Moriori Chatham Islands 
B93 Moriori Chatham Islands 
B120 Moriori Chatham Islands 
B121 Moriori Chatham Islands 
B128 Maori Murdering Beach, Otago 
B136 Maori St Bathans, Otago 
B139 Maori Catlins River, Southland 
B146 Maori St Bathans, Otago 
B148 Maori Portobello, Otago 
B149 Maori Portobello, Otago 
B150 Maori Portobello, Otago 
B151 Maori Portobello, Otago 
B153 Maori Portobello, Otago 
B167 Maori Shag river, Otago 
B169 Maori Lyall Bay, Wellington 
B171 Maori Waikouaiti, Otago 
B172 Maori W aikouaiti, Otago 
B173 Maori Waikouaiti, Otago 
B175 Maori Waikouaiti, Otago 
B186 Maori W aikouaiti, Otago 
B187 Maori W aikouaiti, Otago 
B202 Maori Nukaka near Wairoa 
B213 Maori Cape Kidnappers 
B214 Maori Cape Turn.again 
B219 Maori Whangaehu, Hawkes Bay 
B255 Maori W aikouaiti, Otago 
B256 Maori Whatipu, North Manakau Heads 

































































































































Spit Quarry, Otago 




Papanui Inlet, Otago 
Unknown 
Papanui Inlet, Otago 
Port Waikato 
Unknown 
Raukokore, East Cape North Island 
Unknown 
Unknown 
Papanui Inlet, Otago 




Papanui Inlet, Otago 
Kapiti Island 
Kurow, Ota go 
Wycliffe Bay, Otago 
Wycliffe Bay, Otago 





Hooper's Inlet, Otago 
Purakanui, Otago 
Nenthome, Otago 
Masons Bay, Stewart Island 
Masons Bay, Stewart Island 
Otago Peninsula 
Unknown 
Palliser Bay, Washpool 
Unknown 
Kaka Point, Balclutha 
Hokonui Hills, Southland 







St Kilda, Otago 
